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PREFACE 


The pressing need to survey and manage the earth's resources and environment, to better understand remotely 
sensible phenomena, to continue technological development, and to improve management systems are all 
elements of a future Earth Resources System. The Space Shuttle brings a new capability to Earth Resources 
Survey including direct observation by experienced earth scientists, quick reaction capability, spaceborne 
facilities for experimentation and sensor evaluation, and more effective means for launching and servicing 
long mission life space systems. 


The Space Shuttle is, however, only one element in a complex system of data gathering, translation, dis- 
tribution and utilization functions. While the Shuttle most decidedly has a role in the total Earth Resources 
Program, the central question is the form of the future Earth Resources system Itself. It is only by an- 
alyzing this form and accounting for all elements of the system that the proper role of the Shuttle in it can 
be made visible. 

This study, entitled TERSSE, Total Earth Resources System for the Shuttle Era, was established to investigate 
the form of this future Earth Resources System. Most of the constituent system elements of the fiiture 
ER system and the hey issues which concern the future ER program are both complex and iterrelated in 
nature. The purpose of this study has been to investigate these items in the context of the total system 
utilizing a rigorous, comprehensive, systems oriented methodology. 


The results the mifigl phase of this study were reported in eight separate volumes plus an Executive Summary; 


their titles are: 


Volume 1 
Volume 2 
Volume 3 
Volume 4 
Volume 5 
Volume 6 
Volume 7 
Volume 8 
Executive 


Earth' Resources Program Scope and hiformation Needs 
An Assessment of the Current State-of-the-Art 

Mission and System Requirements for ihe Total Earth Resources System 
The Role of the Shuttle In the Earth Resources Program 
Detailed System Requirements: Two Case Studies 
An Early Shuttle Pallet Concept for the Earth Resources Program 
User Models; A System Assessment 
U ser's Mission and System Requirement Data 
Summary. 


A subsequent activity, part of TERSSE, was undertaken to investigate the Space Shuttle in more detail and 
to study the Shuttle's contribution to the Earth Resources Program when operating in its sortie Right mode; 


this activity is reported in: 
Volume 9 


Earth Resources Shuttle Applications 


Executive Summary of Earth Resources Shuttle Applications. 
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SECTION 1 

INTRODUCTION AND SUMMARY 


The Shuttle as an Barth Resources platform Is both unique and coniplementary to the other Earth Resources 
platforms, polar and synchronous satellites and aircraft. The Shuttle provides the capability (Table 1-1) to 
deliver payloads to orbit, to recover payloads, to vary orbits and to return with hard copy data. Its crew 
will be available to perform sensor operations and its large volume and weight capacity will lower launch 
and payload costs. And, in particular, the shuttle can provide resolutions of 10-20 meters at substantially 
lower sensor costs than from polar satellites. 


The role of the Shuttle In the Earth Resources Pro- 
gram of the 1980's was defined in previous TERSSE 
Volumes as consisting of two major parts: the 
provision of transportation and maintenance services 
for automated satellites and the acquisition of data 
from Shuttle-borne sensors in the sortie mode for 
a wide range of Program objectives. The function 
of Shuttle in the sortie mode was further broken 
down into four separate roles (Figure 1-1), each to 
support a specific portion of Earth Resources Pro- 
gra’s*. activities : 

1. Sensor Development 
Role 

2 . Technique Develop- 
ment Role 

3. Applications Develop- 
ment Role 

4. Operational Platform 
Role 


TABLE 1-1. SPACE SHUTTLE AS A PLATFORM 


o RECOVERABLE PAYLOADS 

— RECONFIGURABLE 

- MAINTAINABLE 

- MULTIPLE FLIGHTS 

e ORBIT VARIABILITY 

- VARIABLE LIDHTINC 
ALTnUDE, REPEAT CYCLE 

- MANEUVERABIUTY ON-ORBIT 

0 LOW PAYLOADS COSTS 

- LARGE WEIGHT, VOLUME. POWER 
— SOFT RRJE (7) 

o LARGE SENSOR ACCOMMODATION 

- WEIGHT, VOLUME AVAILABLE 

o SENSOR PERFORMANCE IMPROVEMENT 

- HIGH resolution at LOWER COST 

- MULTI-SENSOR SYNERCBH 

0 CREW PREBENOE 

- CONTROL 

- REPAIR 

— HECONnOURE 

- lOTERPRET 

o HARD COPY DATA RETURN 

- ntH 
— TAPE 


It has been the purpose of the effort reported herein to study in more detail these four ERS roles of 
Shuttle In the sortie mode. 
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The Space Shuttle is the key element in the Space Transportation System, STS, which can be defined to 
consist of: the Space Shuttle (Orbiter, External Tank, and Solid Rocket Boosters); upper stages for the 
Shuttle; and the Spacelab (pressurized module, and standardized pallets). The STS has been designed to 
deliver, retrieve, and service automated and manned spacecraft on-orbit. It will also support in its sortie 
flight mode the conduct of space operations and e:qieriments at low earth orbit for missions up to 30 days 
in length. The Shuttle and upper stages of tlie STS are being built by NASA and DOD, the Spacelab by the 
European Space Agency, ESA. The STS goal is to support all space operations b\ NASA, DOD, other U, S. 
agencies, foreign national agencies, and the domestic/international private sector. This study addresses 
the Space Shuttle and its ^acelab when operating in the sortie flight mode. 

A number of parallel efforts are currently underway to define the major building blacks upon which the NASA 
Office of Applications will base its Space Shuttle utilization for Earth Observations. These efforts are, in 
the main, focused on the definition or design of individual sensors, sensor groupings, and laboratory facilities 
which will be carried by the Shuttle. Examples of these efforts include: 

• ACPL, Atmospheric Cloud Physics Laboratory - a technology experiment to e:q)lore cloud chamber 
phenoma under long duration conditions of weightlessness with a well instrumental facility within 
the Spacelab module. 

• EVAL, Earth Viewing Applications Laboratory - a Spacelab research and development facility 
which will support Earth oriented investigations with either the ^acelab module, or pallets, as: 
both. 

• SBOPS, Standard Earth Observational Package for Shuttle - an operational concept to permit 
the relatively autonomous utilization of Shuttle on a high proportion of Shuttle flights. 

• SIR, Shuttle Imaging Radar - a dual frequency, dual polarization phased array radar designed 
as a sensor for the Space Shuttle. 

• SIMS, Shuttle Imaging Microwave System - an eleven frequency, high resolution passive micro- 
wave radiometer designed as a sensor for the Space Shuttle. 

• MMAP, Microwave Multiple Application Payload - a facility for Earth Observation and Communica- 
tions R&D. 

This study is integrative in nature In that it addresses the use of Shuttle for Earth Resources from a pro- 
gram wide viewpoint, within the broader picture of OA Shuttle utilization for both operational and R&D uses. 
This study was performed in cognizing of the afore mentioned paraUel efforts and used information from 
them to place its results in the perspective of the OA Shuttle Program. 

There exist several critical problems with respect to payload selection, integration, and mission planning 
which are addressed in this study (which the nature of the preceeding parallel efforts did not require). This 
study began with an ejqjanded examination of each of the four Shuttle roles, in the sortie mode, and continued 
through to an integrated Earth Resources Shuttle program. The approach taken was to perform several 
representative conceptual mission designs of Earth Resources missions which used the Shuttle sortie as 
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TECHNIQUE 

DEVELOPMENT 


SENSOR 

DEVELOPMENT 


APPLICATIONS 

DEVELOPMENT 


EARLY INVESTIGATIONS OP UNDERLYING 
SCIENTIFIC FRAMEWORK 

- SIGNATURES 

- CUT AND TRY 

- LAB INSTRUMENTS 



ENGINEERING DEVELOPMENT AND 
EXPERIMENTATION TO FINALIZE SENSOR 
DESIGN 

- PERFORMANCE VERIFICATION/CAL 

- INCREMENTAL BUILDUP 


DEVELOPMENT AND EXERCISING OF PROTOTYPE 
END-TO-END APPLICATIONS SYSTEMS TO 
DEMONSTRATE OPERATIONAL POTENTIAL 




OPERATIONAL APPLICATIONS ROUTINELY CARRIED OUT 

PLATFORM TO SATISFY INFORMATION NEEDS OF AN 

OPERATIONAL RESOURCE MANAGER. 


Figure 1-1, The Four Roles for SoJ.tie Flights 



their platfortr. and which collectively spanned the four Shuttle roles. An hitegrated Fli^t Ih:ograiii based on 
these missions was then developed for the first two years of Shuttle flights. A set of broad program implica- 
tions concerning the uses of Shuttle for Earth Resources was the result. 

The remainder of section 1.0 describes the four roles and the associated missions studied, the resulting 
Integrated flight program, and the conclusions reached concerning Earth Resources Program planning for 
Shuttle . 

1.1 SENSOR DEVELOPMENT MISSIONS 

In its Sensor Development role the Shuttle provides a convenient test bed platform. It can be used to fly 
(In an extreme case) essentially breadboard equipment, so long as flight safety rules are not violated and 
the equipment is packaged to withstand the flight environment. The availability of flight crew onboard 
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provides the capability for inflight adjustment of hardware. The fact that the hardware is returned to earth 
provides the potential for modification and reflying experimental hardware at low cost. This latter function 
can be used to advantage in phased deVelcpment programs where sensor characteristics, e.g. mechanical, 
electrical and thermal can be evaluated independent of hill systems operation. 

Some problems remain to be resolved, however. Experience with aircraft sensor development has sbotm 
that multipie'>fllght programs, each vith limited objectives and each building on the experience gained 
ear filghts, is the preferred methotiblogy. For the Shuttle, however, those very sensors for which 
this philosophy is of paramount importance those' for which this philoBophy is most difficult to impler 
ment because of size, weight, power and data handling requirements. These requirements naturalilv 
Increase pre-fl^ht costs, consequently the balance between the costs and development-effectiveness of a 
"do little and fly often" versus 'Tly little and do a lot" approach must be evaluated very carefully for 
sensor development missions. 

A further problem which must be overcome is the one created when external pressures are an?lied to pro- 
vide data to applioafioas users too early in the development process. It must be recognized thi;<:t the pr i- 
maiy function of a sensor development mission is sensor development In order to reduce the data dis- 
semination problem the recipients of data should be restricted to the sensor development team (and 
possibly the few application users with an urgent need). 

1.2 TECHNIQIgE PEji:!^^ 

Technique development using shuttle promises to be one of the more efficient uses of the frequent fiigM 
opportunitieB and the recoverability of experiment hardware offered by the shuttle sortie. Technique 
developments are, by their very nature^ disposed to be cutoand^ti^ efforts; this is precisely why aircraft 
have proven to be of such value in the past (and why they will also continue to be so in the future). Frequent 
flight and intact recovery will permit the use of hardware not designed for the rigors of long (say, years) 
spaceflight but for obtaining the specific sets of measurements required to scientifically interrelate the 
resourue phenomenon and the remote sensing teclmique under study. 

Technique development missions are intended to provide early Investigations of the underlying scientific 
principles of a measurement which being considered as a remote sensing method. Orbits, test sites, 
and equipment oonfiguratioos may be varied from flight to flight, thus offering the Technique Development 
manager a variety of conditions under which be can determine the effectiveness of the candidate methods 
and sensors. Sensor complements >^an be varied which offer foe adv^tage of concurrent coverage with 
several sensors which may be used hi a complementary manner. 



1.3 APPLICATIONS DEVELOPMENT MISSIONS 

For Applications Development missions the Shuttle is used to exercise prototype end-to-end applications 
Systems to demonstrate operational potential and to verify the selection of the all-up operational system 
configuration. The ultimate users of the operational system are heavily involved in the applications devel- 
opment missions, since it js their evaluation of the utility of the acquired data which is the key factor in 
any decision to proceed with a fully operational mission. Thus, detailed data processing and information 
dissemination as well as publication procedures and agreements are part of the Applications Development 
mission design. Since in many cases users will be in the private sector, need exists for formal agree- 
ments and guidelines for joint research programs, similar to that between NASA/JPL and Exxon for oil 
and mineral exploration image processing technology development. 

The Applications Development mission is an important phase before a remote sensing system becomes 
operational and relies heavily on the results of sensor and technique development missions. A unique 
characteristic of an Application Development mission is that it represents a final operational demonstration 
of an application verifying its concept and is complete with documentation, hardware and all necessary 
software to support operational use. 

Although, in principle, the Shuttle could be used for applications development missions for (ultimately) 
unmanned operational programs, such a role is not considered in this context. Thus, the missions of 
concern are those for which, operationally, the Shuttle would be used as the primary platform, and con- 
sequently have the same justification for Shuttle use as the operational mission. 

1.4 operational missions 

Operational missions are distinct from other Shuttle sortie activities by virtue of the fact that they serve 
a user-agency administered function. In this case the Shuttle is the vehicle by which the payload (the actual 
operational sensor Complement) achieves orbit and is operated there; the data is returned for prOceselng, 
reduction, analysis and dissemination. Operational missions consist of sensors of various technology 
disciplines which have been developed and proven. Integrated into an operational system designed to fly 
in one of several Shuttle sortie modes (e.g. with Spacelab, pallet mounted, etc.) and previously demon- 
strated applications development missions, 

Although flying an operational mission, the Shuttle sortie flight may not be the only, or even the primary, 
platform in use for the Earth Resource man^ement task in question. It is pioBsible to view the role of the 
'Jhuttle sortie operational flight as that of a complernentary or secondary platfOrni In a system which includes 
sensors in polar or geosynchronous orbit. Thus, although flying an operational mission, the sortie flight 
may not be the primary platform in the Earth Resources management system. 


)■ 

) 
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A prime example of this role in operational missions is in the use of the Shuttle as a platform for camera 
systems. Polar and geosynchronous satellites, by their nature, are not suitable vehicles for return of 
photographic film, and to provide sensors with spatial resolution on the order of 5-10 meters may severely 
overload data transmission link capabilities. Thus, for missions where high resolution photographs of 
specific, well defined regions are required, the Shuttle can be used as a complement to the unmanned 
vehicle. The Shuttle also provides capabilities for quick reaction, low orbital altitude flights with \’ariable 
orbital characteristics. These factors may be of importance in certain classes of operational missions, 

1.5 MISSION DESIGN 

Based on the potential roles of the Shuttle in Earth Resources programs, and on a variety of other selection 
criteria discussed in Section 2 of this report, five missions were selected for detailed study. These 
missions were considered as a representative set of potential missions, and consisted of one each for 
Sensor Development and Technique Development, and three Applications Development missions. 

(Figure 1-2) 



Figure 1-2. Mission Selection 


1^6 












The overall concept of each mission was developed to the point where mission design criteria could be 
established for 

• User community and benefit mechanism 

• Shuttle role in the specific mission (Figure 1-3) 

• Sensor requirements 

• Flight requirements and test sites 

• Data processing and analysis 
0 Information dissemination 

Following the development of the mission requirements, sensor selection was made which provided 

optimum integrated pajdoad configurations, and an integrated Shuttle flight program was developed - 

(Figures 1-4 to 1-8). A conceptual design for a Shuttle Earth Resources Data Processing Facility was 

defined (Figures 1-9, 1-10), and a cost comparison was made between aircraft and the Shuttle. Finally, a set of 

development recommendations for the Shuttle Earth Resources flight program was outlined. 

1.6 STUDY CONGLUSIOWS AND RECOMPENPATIQNS 

As a result of this study several conclusions can be drawn and recommendations may be made. 
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Figure 1-4. Candidate Sensors 



Figure 1^-5. Typical Configuration — Short Lab with 2 Pallets, SIMS and SAR 

1-8 


EBPEODUCBILrrY OF TJF: 
OBI^AL PAGE IS ?QOF 










Figure 1-6. Typical Configuration — Standard Earth Observation 
Paoksge with Landeat Delivery 
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Figure 1-8. Integrated Flight Program 2 


(1) The Space Shuttle and the Earth Resources Program 

• The Space Shuttle has a viable rple in the Earth Resources Program . 

The Shuttle provides several unique capabilities which are of value to certain types of Eart h 
Hesources missions. These include 

— The capacity for heavy, large volume, high power, sensor packages 

— The capacity to accept essentially unproven hardware for flight experiments 

— The ability to return photographic and other hard copy data following a flight 

— The potential for rapid turnaround and quick reaction flights with specially tailored payloads 

— The capability of flying at different altitudes in different orbits, with orbital changes during 
a flight 

— The cost effectiveness of Shuttle as a carrier over other methods of acquiring equivalent data 

— The ability to fly small Earth Resources packages, such as SEOPS, to make use of available 
Shuttle resources (e.g. space, power, time) in conjunction with non-Earth Kesourcei; 
missions 


The availability of trained flight crew members . 
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Figure 1-9. Gonceptu^ Design for Shuttle Earth ResouTces Data Processing 
Facility — Preprocessing and Analysis 





Each of the selected missions makes use of some or all of these unique characteristics. 

• Shuttle should be used as a complement to other Earth Resources data acquisition methods . 

The Shuttle has a limited duration on-orbit for any given flight, currently estimated as t 3 rpically 
7 days with approximately 30 days maximum. Thus, the Shuttle is not an appropriate ^ ''icle for 
missions requiring glcba! coverage, or repetitive coverage over several orbit repeat cj ‘s. 

It can, however, provide a capability for Intensified coverage of limited geographical areas in 
conjunction with polar or geosynchronous spacecraft. The Shuttle can also be used for periodic 
"revisits", such as seasonal repetition, of small geographic areas. 


(2) Mission Selection Cpiterla 


• '^buttle missions should be planned carefully to coordinate user req^rements. 

Although the Shuttle is a very cost effective vehicle for many Earth Resources missions which 
require single or relatively infrequent overflights of specific test sites it is still quite expensive. 
The cost effectiveness becomes more apparent when several users' needs can be satisfied on a 
single flight with a given payload. Thus, caution should be exercised in considering the shuttle 
as a candidate vehicle for a specific mission unless one or more of the following criteria are 
satisfied. 

— The mission requires flight of non-proven or unique sensors Which are impractical foa- long 
life unmanned spacecraft. 
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— The considerable payload xesourceB of shuttle (weight, po'itsr, volume, and data acquisition 
capacity) are essential for the specific mission. 

— The mission can be flown in conjunction with several others using the same sensor comple- 
ment and orbit characteristics. 

— Photographic imagery is mandatory for successfitl mission completion, 

• Mission objegttfes should be well defined and the specific objectives for each flight should be 
clearly identified . 

In order to provide a clear justification for the use of the Shuttle as a vehicle for any specific 
mission, a clear set of mission objectives must be established, it should be remembered 
that the primary questions to be asked when justifying the use of Shuttle are those relating 
to the ciriteria established above. 

hi addition, this conclusion implies well developed mission definitions for the Applications 
Development missions, with proven sensors and data analysis techniques and processing 
systems. 

(3) User Involvement 

• Potential and actual users of Shuttle data should be involved in Applications Development 
missions at a very early stage. 

Data acquired using Shuttle-borne sensors have unique characteristics however there are 
constraints imposed by the Shuttle vehicle which are different from other Earth Resources 
data acquisition platforms. Users and potential users must be made aware of these charac- 
teristics in order that they may gain confidence in its use in operational systems, and thus 
should be intimately involved from the mission design, through the definition phases, to the 
Ultimate flight program. 
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SECTION 2 
MISSION SELECTION 


Previous TEBSSE study tasks have identified nearly 300 potential Earth Resource applications tasks in 30 
broad missions. In addition, a related study, Standard Earth Observations Package for Shuttle (SEOPS), 
has considered 40 operational Shuttle missions. Several requirements have also been identified by the 
TERSSE study for sensor and technique development missions which lend themselves to utilization of the 
Shuttle or will be required in support of varioim identified applications missions. 

From this inventory of over 300 potential tasks /missions a selection of five was made for detailed study, 
consisting of one sensor development mission, one technique development mission and three application 
development missions. This selection of the five missions was made Iqr aTwo stage screening process; 
first, the inventory of over 300 tasks/missions was screened to identify 18 candidate missions, and second, 
five specific mlesions for detailed study were chosen from this subset of 18. 


2.1 SELECTION OF CANDIDATE MISSIONS 

The basic criteria used in the first screening of the potential missions, from the over 300 previously 
generated by the TERSSE and SEOPS studies, was that of a) Space Shuttle suitability and b) restriction to 
Earth Resources missions (some candidate SEOPS missions are oriented at other Earth Observations areas 
such as Weather & Climate and were thus excluded). This first screening reduced the 300'*' potential 
missions to a more manageable set of 18 candidate missions. 

The restriction to Earth Resources tasks /miss ions was strai^tforward; those SEOPS missions which were 
defined as being part of another (non ER) discipline within the Earth Observation area were eliminated. 
Previous TERSSE efforts have addressed the suitability Of the Space Shuttle for the Earth Resources 
Program in two basic ways. These two suitability approaches are; 

• Consideration of the Shuttle as a single element in an integirated multi-platform system, 

• Consideration of the Shuttle's Capability to contribute without regard for odier platforms. 

The first suitability approach regards all platform elements of a multlplatform operational Earth Resources 
system as in place and operational. Each Earth Resources mission is then considered and the appropriat- 
ness of each platform for that mission addressed. The methodology and results of this platform suitability 
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assignment are discussed in Section 4 of TEHSSE Final Report Volume 3. With respect to the Shuttle as 
a platform, each mission was assigned an A or B where: 

A - indicates that platform provides all or major part of data needs for the mission 
B -• Indicates that platform provides partial satisfactions of data needs for the mission 


The major platform assignment characteristics used were; 


• Spacecraft for repeated observation missions are more cost effective than aircraft over large 
areas. 

e Where appropriate, a geosynchronous spacecraft is more effective than multiple polar spacecraft. 

• Shuttle sortie missions are effective platforms for hi^ spatial resolution requirements. 

• Geosynchronous spacecraft are not appropriate for global coverage. 

• Shuttle sortie missions should be unique (not appropriate for long life spacecraft). 


The second basic approach to determining Shuttle suitability begins from a different starting point; instead 
of considering the Shuttle as part of an ind:egrated multi platform system, consider the Shuttle alone and 
determine what the Shuttle can contribute to each potential mission in each of four categories: 


1. Prime Platform - indicates that Shuttle can fully (or nearly fully) acquire all the necessary 
data to satisfy the application mission requirements 

2. Partial Mission - Indicates that Shuttle can fully satisfy the data needs for a portion of the 
mission, where a mission actually consists of several more specific sub missions or tasks 
(e. g. collect all of the required global data for a few, but not all, required crops). 

3. Partial Data - indicates that Shuttle can acquire a part (limited in spatial or temporal extent) 
of the data required for the full mission (e.g. all Rangeland survey data needed at one, not all, 
points during the year.) 

4. Development Platform - indicates that Shuttle can acquire data and provide a significant 
contribution as a development platform to the operational evolution of a mission. 


The results of these two different approaches to Space Shuttle suitability for the Earth Resources njissions 
are tabulated in Table 2-lj where an X indicates that suitability exists according to the various criteria 
just described. By considering those missions which had a good concensus of Suitability, as Indicated on 
the table, a total of twelve missions were identified as candidate Application Development missions. 
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In th>^ areas of technique and sensor developments, the previous TERSSE activity identified the need for 
several development activities. Those that were identified and their applicability to the 30 comprehensive 
basic TERSSE missions are shown in Table 2-2. With respect to potential technique developments, both 
those previously identified by TERSSE plus Remote Sensing of Soil Moisture and the Role of Man were 
considered as candidates. Of the sensor recommendations shown on Table 2-2 three were eliminated 
from further consideration: 


• Radar (multi-parameter) - necessary technique development to adequately define this sensor 
not yet accomplished. 

• Atmospheric Condition Sensors - necessary technique development to adequately define these 
sensors not yet accomplished. 

• Spectrometry - necessary technique development to adequately define these sensors not yet 
accomplished. 

Three technique development and three sensor development missions thus remain as candidate missions. 

The ei^teen candidate missions which resulted from this first screening step of the selection process 
consist of: 

12 Application Development Missions 
3 Technique Development Missions 
3 Sensor Development Missions 

and are listed in Table 2-3. These ei^teen missions were then more thoroughly examined in the second 
phase of the mission selection process in order to select the five representative missions. 

2.2 seij:gtiqn of representative missions 

The selection of the five missions to be studied in detail during the remainder of the effort required a 
further evaluation of the el^teen candidates. Each oHlte candidates was expressed in terms of a concise 
mission description and entered in Table 2-4. Each of these was evaluated with regard to the following 
selection criteria: 

• Use of Shuttle 

• Importance or Need 

• Mission/Concept Maturity 

• Contribution to a representative integrated program 

Use of Shuttle: each of the representative missions should have a significant requirement for using the 
Shuttle as opposed to other remote sensing platforms. This can be expressed In terms of the unique 
Shuttle features being exploited and the importance of those to the mission success. 
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table 2-2, SENSOR AND TECHNIQtJE DEVELOPMENT ROLES IN TBRSSE MISSION EVOLUTION 
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TABLE 2-3. CANDIDATE SORTIE MISSIONS 
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RADAR 


MONITOR (MAR-5) 

SD-3 

PASSIVE MICRO- 

AD 8 

URBAN LAND USE /CENSUS 
(SEOPS LAND 3) 


WAVE IMAGER 

AD 9 

TIMBER VOLUME INVENTORY 
(FOR-1) 



AD 10 

US land USE INVENTORY (LU-1) 




AD 11 LANDFORM AND COVER MAPPING 

(LIJ-2) 


AD 12 


IMPOUNDED WATER SUPPLY 
INVENTORY (WAT-1) 















TABLE 2-4. EVALUATION OF REPRESENTATIVE MISSIONS — CANDIDATE TECHNIQUE DEVELOPMENT MISSIONS 
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^ to 
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sg 
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to 

I 
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tIEFTMRN’Gi;: 

NUAiUtDEl 

T|TI*K 

SEiUTTij: JtoiJ-: 

Dl-SCHIP’NOK 

TVPICAJ. L’SKIl 

U.SK or siirn i i: 

NEKn roll 
TKCllNlDUl- 

CONCKE'T 

MATUlllTY 

IIKMAIIKS 

TD 1 

KKMOTK JiBNStNa OP 
SOU. MOISVUIH-: 

TKOEINIQUK 

iu:vki.opme:m 

KSTAliUSn TIIK USE OK 
TIIRRMAMII. IMIOTO- 
l»OI.\|{tMi:TKY, ANtJ 
MICUCrtVAVK F»K- 
QUTiNCPiS, JUNt)- 
Wim ilS, AND ACTIVE 
cm PASSIVE NATUPK 
NKGKSSAPy TO MKA- 
sum:suD*suiiKACf: 
sott. M 01 S 1 U 1 II: i-'oii 

VAIIIOIIS USEll MiS> 
SlOS.St KVA [.OATH 
•EFFfXTSoKSUUFACK 
VKGKTA110N, AT- 

iMOsnuKiuc cosm- 
'Tioss, uvctiif:Ncr: 
XtiCAS. 

jSC/Sf.AIJ 
1 AML* 
I.HC 
OK 

AlUl.n V TO CAllMV iauge:, 
MODirUlllT MKNSnitS ON 

mu’KTriTVE: n.itsirrs. 

Aim.lTY TO TjUUJH 

oumrs Exjii Ki>Kciric 

TEST SITKS, AND VMAV- 
INO ANfU-KB. 

MAJOIt INPUT TO 
AGHICttl.TUlir, 
ItmKSTHY 
tMSSEONSr IN’Pin 
T'i) M'ATRM 

;suuucKS 

Mli «|ONS 

S-lOn. S-IM. 
KS^IU AMI 
SKVUKAr. 

ACT i\t: and 

I'ASSIVK Ain- 
CIW JT 
si:Ns<'>its 
ri^iWNj 
USK1I MK- 
qUIllKMENIS 
NEJT rucMl.v 
KSlAlll-tSlim): 
PfrJKNTIAT. 

.\caiiucv 

Nfn KNcm'Ns 
Acii\'t: 
MICNCnVAVK 
WORKSlinP 

IMl*OHTAN1' FOH 
SEtVKiLVI. NEAll 
TEHJH APPI-tCA- 
1 1ONS (K.O. 
WATEMISUEI) 
miNOFF • TD/Oll 
CHOP YIEI.DI 

TJ)2 

MltMl-PAllAMETKR 
JLVDAH SIONATUHBS 

'1 KCIIN‘IQUP 
nnVlUAJPMRNT 

nKTHWllNE; TUK MP.S- 
SUIWtJITITY DP A 

JllUWnspKCTttUM or 
rmsOUilCK IN\ltAM- 
KTEJS USCKG ilUl.TI- 
pukouencv, Mm.Ti- 
I’OlwYltlZ.VTlON SANs 

K hUATK i: fkkcts or 
'SUnKAGK VKninATtUKj 
MOjSI UrtK« INauKKGK 
ANtil.K, AND ATMO- 
SPMUIltC COKDtTIOS. 
COMPAUK wnii 
visirui-:/m tpciisjoui:s 

ifSC/S k AD 
cEii;s 

lU or ICANSAS1 
KHIM 

JPI. 

Al»ITIYTOrAHIIY lAIWi: 

MimmATiu: SETNSrms os 

iiKPinnu’K riiioMTSj 
AniUTY TOTAII.OH 
nUIMTS J'OII SPKCII'JC 
Ti:STS)'li:S AND VIKW- 
ESG ANOI.r. 

IINJNTIIHUUPTI'D 
CDVmiAGi: PY 
IIADAP CDUDt) 

iu;piv\cr on 

AUCMKNT 

VIH1BU:.'HI 

MKA.SUfU;- 

AU^NT-S ISAI.T 

JIMSOUlICK 

MA'KAGKMKNT’ 

AltKAS 

AfllCPAPI 
SAJI riACins 
EiA.vK de;m- 
(HCiTHATKD 
iCAE’AUIIilTY 

'IT.I fits- 

CWMIKATr 

SniMK PAlUM- 

trrc.> , 

si:n;iu»E 

thh<iiii;tica i. 

Kmiifjs 

KXlSlj 

PCn'KNTtAI. 

ACCUliACV 

NCJT KNOSVNt 

ACTIVE 

MJCIlOWAVi; 

ACMiK.<moi' 

.tIF.IlD 

impoiitam mil 

AI.I.V.-KA'IIIKII, 

day/nicut 

iu:.M(iTi: 

SENSING 

TD !i 

MUmi-ASPKCT 
SPPC1'U.VI, SIRN'AlliniCS 

Ti:cusjoi'i': 

i)i:vki.opmi:nt 

DKTKIIMENK TJ|K ll.UJM- 
INA’IMIX AND VIKSVIKC 
ANCSU:-DKPKNt)KKT 
\’JStnr.K ANn NPAP 1« 

srcNATunns nr a 
miUMlSJTCTllUM CH^ 
IlFSOlUtCK PAIUM- 
ETKIIS; KVAIAJATK 

CdKnminuTrciN to 
CI.ASS iriCAT|r»N IM- 
PJIOVKMKNT lir 
USING MIU.II-ASPKCT 
aiAi'A nm t.\) oou- 
JIKCKOK FOU V.fKWINO, 
iJCliriNO VAIIJAlIONS, 
<ni ASAilDITtONiVI. 
mTA IIWEKSIONS IN 
Mont-F-TATuni; 
ANAI.YSIS. AND iU| 

AS CONTiniUTTOH TO 
SlRNAWIlK KXIKNSION 

ifSC/S A Al) 
KMIM 

APii.m’ ’Ml cAimv i-\r«u: 
POINTAIM.r TlMKSrOPK 
UN Mum'iPti: l•hliilirs1 
APU.nA’ TO TAti.oitoiinn 
roil MUi.'itPiJ! ijir.iiTiNi; 
AND VIKW'INOANGI.KSOF 
TKS1' Sn KS. 

inSCHlWIKATinN 
1A|iUimT:Mi'NT.S 
ll>:UUII<KI) IN 
AEIKASSUCII AS 
nirip ffi UEss. 
nrrsKT point- 
ing sionatuiu! 

KPFKCTS 
NKKnKD 
TOtimK 1»0 IjMi 
SPA rKClLAFT 

HKVKUAD 

Tiir:«mKTii7Ai. 

irrmin.s 

uxrsi's 

uiinuM) 

MKASUilK- 

MKtCre 

DKMON- 

.STftATK 

technique 

Ftm 

SEUMWI, 

CIIOiTI. 

PtrliKKTl.VI. 

INCHKASES 

IN cwssi- 

ncATins 

AcouuAry 

sm; KNOWN, 
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TABLE 2“4. EVALUATION OF BEPBESENTATIVE MISSIONS (eontinued) — CANDIDATE SENSOR DEVELOPMENT MISSIONS 


1 

NI1MPEU 
1 

Tni;r 

SHOTTJ.r: Hou: 

nKM:iX)PMKNT 

f>nii:cT!\TS 

TVPtr.u. rsni 

PSi; nF SIlHTTIi’ 

WCKsstTv mri 
SIINSiHI 

l‘OSCRIT 

MATPlinV 

HBMAtlKS 


MODUIAII/ 

TAiLOJlAmiT 

SCANKRN 

vSE.SSOll 

iniVKl.Ol’MFNI 

DHA’RLOP Arm DKMOS- 
S*rJt\TK A MOI.i l- 
SPKCmv LSCAMNKll 
SYSTKM WJTII INTKH- 

oiiAKci^rAnu; modules 

ElIK VISinLK ANO IK 
iirVSDS; irrMOKsmvrH 
THAI Tlir MOOULKS 
oPRiUTi: piinpRiti.Y 
wmi TIIK HCNSOIl 
SVSTRM \m HlOVM>i: 
liAI'A WlllPII MKKTS 
•JSKrt ItKQUIiiKMKN’I'S 

•»>c/R A n 

Ami.ii’V TO PMovini 

piAmns roji 
VAKI11PF<'O.VPJt5l*lt,\- 
TIOSS T.MI.OIICII 
IJGiniNO CONDirtON 

niMi.\i>APPurA- 
Ti»N ni'Mm.Tl- 

spmriAi 
SDNNINC lli:- 
DUIIIRH litGMIUl 
nrsijLu-i roN 

AND MISSION 
TAll.OKI'l) 

|L\N*nK 

PEASIIIJUIV 

DNTAhl.lMlii’D 

CDNrriolAI. 

Dl:SKIN 

STAin'UDi 

SPKCIRM 

PAi*K.\«i: 

Sin.KCTlClN* 

N<rr ni:n- 

TYJJIMrn; 

TKCn- 

NOMKJY 

i,m:i.v.s 

t'flST 

TtL\i>r,s 
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AKHOJBT DCSICK 
yniDY MSDBli- 
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sn -• 
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l>KVI!I.OI».MHNT 
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TABLE 2-4. EVALUATION OF REPBESENTATIVE MISSIONS (Continued) - CANDIDATE APPLICATION DEVELOPMENT MISSIONS 


o o 

si 

to ^ 




. Q 


KErERENCF. 

Ktnt^K 

mri£ 

SllintLE HOUR 

description 

TYPICA L USER 

OHK OFSHU'n-LE 

MIS.SI11K 

JMI’ORTANOK 

MISSION 

MATURITY 

COMMENTS 

1 

<EM-7) 

POWER piArrr 
THERMAL 

POLtiUTION MONITOR 

APPLICATION 

nBVF.LOPMENT 

PERIODICA LLY MONI- 
TOR THE KFFS.tlEN’I 
COOWNT TO 
DETi:RMINn AND 
ASSESS THE EXI’KOT 
fe EFFECT OF 
THEILMA L DlSClIAnGC 
PATTERNS or POWER- 
PLANTS ON THEIR 
REGIONA L ENVIRON- 
MENTS 

environment- 
al PROTEnJON 
agency. 
RUKEAU or 

SPORT FISHER- 
IES AND WILD- 
LIFE, POtt'ER 
COMPANIES 

ARILITY TO OimiO- 
GILYPIlICtVLLY RKCClIin 
REGIONA L CONTEXT 
SIMUl/FANTUIUSLY AT 
illCII RESOLUTION. 
ABILITY TO TAILOR 
OVEUFLICin TO 
LOCALTIME 

MODKHj\TE-LOW, 
IMPORTANT TO 
ASSESS ENV1R- 
GNTIENTAL 
IMPACT IRRECT 
ECONOMIC 
nENxms 
UIFUCUI.T 

LOW, THER- 
MAL SUR- 
FACE 

MEASURE- 
MENTS 
DEMON- 
STRATED IlY 
AinCRAFT, 
HUT 

REGIONAL 
ENVIRON- 
MENTAL 
EFFECTS 
Ntn VET 
WKUL- 
UNDERS10UD 

SUV RE COM- 
ni NED INTO 
REGIONAL 
ENVlUON- 
MENTAL 

monitoring 

AND PI^NNING 
EFFORTS 

2 

(EM^) 

MINERAL EXTRAC- 
TION POLLUTION 
MONtTQR 

APPLICATION 

DEVELOPMENT 

PERIODICA LliY MONI- 
TOR and IHVENTORV 
HIE AREA L EXTENT 
OF STRIP MINING 
Dl'BUATtONS, THE 
QUALITY, PROGRESS, 
AND LEGAL COMPU- 
ANCE OF THEIR 

restoration. 

EKVmONMENT- 
At. PHOTECTIUN 
AGENCY, U.S. 
GEOLOGICAL 
SURVEY* 
BUREAU OF 
IANI> 

MANAGEMENT, 
DUPEAU OF 
MIKES. 

MINING 

CONfPANIF.S 

F.FFIOIKNT COVERAGE 
•OrSTATEUTDE AREAS 

MODERATE- 
mCM. STATU- 
TORY 

REQUIREMENTS 

FIRMING. 

MOHEUATE- 

HIGH. 

SBVKUAl. 

I-VNDSAT 

ANOAIR- 

CHAIT 

PRO.IECTS 

HAVE 

ACHIEVED 

tu;sut;rs 


<AG-») 

ACniCUl.TUUAL 

farming 

pnACtiCES 

APPWCATION 

tlEVEI.OPMENl’ 

PROVIDE THE RE- 
M01XLV SENSED 
iNPin S TO AN 
ISTECIUTED 
FARMING PRACTICES 
CORHEIATION MODEL 
INC LUDING DATA ON 

c u 1 ;rn'AT ion cvc i.es, 

MEHIODS, AND CnOP 
Y|C1J> 

SOILCON- 
. SERVAITON 
SERVICE, 
ECONOMIC ItE- 
SEAROII 
SERVICE, 
AOmCULTUILVt. 

rkseahcii 

SERVICE, 
STATE AGRI- 
CULTURE 
OEPTS, 

KFnCKNT MIILTI- 
ItESOLUTIUN 

covt:rack of 
WIOEIA' DlSreUSED 
SrTES 

MOHEIUTE- 
LOW, MEMim: 
SENSING NOT A 
MAJOR PART 
OF TOTAL 
REQUIREMENTS 
RUT (H*KRALL 
ECONOMIC 
IIEMMT1-S moil. 

LOW- 

I.ANDSAT 

INVTSTICA- 

TIONS NOT 

StCKlFlCAKT- 

UYAD1IHESS- 

INC AREA 

INTEREST IJKEIiY 
TO INCREASE 
1UPIDLY IF 
CAPARlU'nr 
CAN HE SHOWN 

4 

iFon-ai 

FOREST FTRE 
DA^UGE/ 
RECnOWTH 
ASSESSMENT 

APPliCATCON 

UEVF.LOPMKN1’ 

PERIODICALLV MONI- 
TOR AREAS VORCIl 

iiavt: been devas- 
tated ry FOREST 
FIRK TO INVEN1 tlHY 
THEIIPEXI'ENT, 

quality of m:sToiu- 

TION, AND llEGIONAL 
KNVIllONftlENTAL 
E FFECT 

US rORESI' 

SERVICE. 

KATRINAL 

PARK 

SERVICE, 

ST.\TE FOH- 
F.Sl«y DEP1S, 
RUIU'AU of 
iandmanage- 

MENT, PHIVATI- 
LUMREII Cf«i. 

lEFFlCJENT MUI.TI- 
i«8onunoNiN- 
\T.NTORV OF WIDELY 
DISPERSED sm^t 
AniLfl Y TO oimio- 
niuPiricALLY iiEcolin 
IRRRONA 1, CONTEX^r 
SIMULTANTICIUSLY 
at IMGII RESOLimON 

MOOEIIATE- 
1X)W, POTEN- 
TIAL QUALITY 
INCREASE 
Itlll EXtSl - 
INC FUKCnOK 

MODRRAIE- 

SEVERAL 

AIHDRAFT 

andlandsat 

PROJECTS 

USED FOR 

SPECIFIC 

FIRE- 

DAA1AGED 

imGUIKAIi 

PROJECTS 

WILL REQUIRE 
CONSmBRABLE 
ON-SITE 
OBSERVATIONS 


I 

CO 



2-10 


TABLE 2-4. EVALUATION OF REPRESENTATIVE MISSIONS (ConMnued) CANDIDATE APPLICATION DEVELOPMENT 

MISSIONS (Continued) 


UKFKREKGE 

KUMIlEIl 

TITIU: 

SIIUT1‘LE HOUE 

PKSCmPTJON 

TVPIGAI. USER 

USE orsiiun i.E 

MISSION 

IMITIBVANOK 

MI.SSION 

MATURITY 

COMMENTS 

(AC-5J 

VVOItU) CROP 
SURVEY 

APPLICATION 

nEVKI;OPMEST 

OBTAIN litCII IlKSOt.U- 
TTON nEn>'SAMPl£ 
IIATA OKA ni.OB/VI. 
a\SU» TO INCREASE 
ACOUItAGV AND 

suMiiKri or CROP 

PRODUCTION 

FORECASTS. 

STATISTICA L 

repoiiting 

SERVICE, 

FOREIGN 

AGRICULTURE 

SERVtOK, 

UNITED 

NATION^ 

iPAOJ 

ABILITY TO provide RIGR- 
lUlSOLUTION' ON A GI.ORAL 
lUSIS FROM TAIWIRED 
ORBITS 

HIGHAVILL PIIO- 
\nm: previously 

UNOBTAINABLE 
DATAi LEADS TO 
Gl.an,\L.SATEl,“ 
ijTK System 

1 

MODERATE, 
lACU: PRO- 
CHAM 

UNBERWAYt 
MUCH 
K KFORl” 

already 

EXPENDED 

SHUTTliE UTfU- 
ZATION NOT 
YET COKSroeilEO 

C 

; (EM-l) 

' 

MINEiUL 

KXPLOiU'nON 

SURVEY 

APPlijCATION 

DKATCLOPMENT 

PROVIDE IMAGERY 
FOR nROLOCICAL 
ANALYSIS IN ORDER 
TO ACCOIilPLtSIt 
PREUMINAUY 
MlNERiM. EXPLORA- 
TION IIRCONNAIS- 
SANOE SURVEYS 

PRIVATE 
MININIAI. 
niLMS, US 
GEOIXIGICAL 
SURVEY, 
BUREAU or 
MINES, STATE 
GEOiXiOY 
OKFIGES 

ABILITY TO PROVIDE 
RECIOSA 1. CONTEXT 
SIMUl.TANEOUSI.Y A’l 
HIGH RKSOLUTlONs 
AlllMTY TUTAll.nil 

a.nu/or vary i^icai. 

IJGHTING lOR 
MAXIMUM INTER- 
pnK.TAmi.iTv 

HIGH (WTEN- 
TUl.L CURREKT 
PRIVATE EX- 
PEKHITUHES 

indicatiit; or 
U.=iEHSUPhmT 

MODEIIATE- 

IITGII. 

SEVERAL 

SUCCESSFUL 

i.andsat 

INVESTI- 

GATIONS 

GOOD CANDIDATE 
FOR TASK 6 
CONSinERATION 
OF A PRIVATE 
COMMERCIAL 
USER 

7 

IMAR-S) 

.MAiUNE NAVlOA* 
7I0N IIAVCAIU) 
MOSITOJI 

A PPl.lCATfCiN 
DEVEIiOPMEST 

PROVIDE HIGH liYA-^- 
0UIL\TE [NFORHWTION 
(IN EXTENT AN1> 
CATIONS OK DYNAMICS 
OK NAARGATION 
flAEARDS SUCit AS 
SAND BAILS, .SHOAI.S, 
LAND MASS, AND 
REEKS 

NOAA 

US COAST 

GUARD. 

FOREIGN 

(JCKANU- 

GUAPIliC 

OKPJCES* 

AmLn^Y'm provrU'; 
men REsni.ui'KiK o.x 

A GLOBAL BASIS I'ROM 
TAM.ORED nmsITSi 
Anir4Tv ro*iAii;rm 
LOCAL liir.irnNO I'DII 
AVAITIH PENKTlLXTinK. 

modeuatk, po- 
tential cost 
AND QUALITA* 
(MPHOVEMI'NT 
IN PmiDUCING 
KXJSIING 
piioDunx 

LOIV-STR- 

KUTCANT 

QUESTIONS 

EXIST 

CONCKIIN- 

ING 7liE 

AlllLin* 

TO 

ROUTINELY 

SENSE 

M.VMim 

DYNAMICS 


H 

(SKOl’S 

I./\Tn3 

UlUV-VN I.XNiHISE/ 
CENSUS 

APPLICATION 

rjitvt:M>i*MENr 

' 

IRtOVIDK moil RKSOI.U- 
‘I'lnN CAMEIU AND 
MOI-ri-SPRCTRAL 
IX\TA TO URBAN 
MANAGERS FOR IaND 

USE Pattern 
.detection 

METIHI- 

PnUTAN 

IMANSING 

COMMISSIONS. 

CITV/COUN^rV 

n0VKR.NMEXTS, 

USCENSUS 

BUREAU* 

AWLiTY *ro piuA’im: 

HIGH RESULVn iON 
COS’KIUOESIMl'I.- 
TANTOUSAVnTI 
RKGlONAI. CONTEXT 
OVnil WIDELY- 
DLSPElUiED URinX 
AREAS 

SIGNinCAST IM- 
PRON'KMENT TO 
U.SElLSj INYOLVi:- 
SIENT nr NON 
ITiDEItVI.GOV- 
EBNMKKT: 
MOnERATE- 
HlGli i:ooNn.Mic 
RENEl-nS: 
TK01INOI.OGV 
rttPETUS TO 
USKILS 

MODERATE, 
EXPERI- 
ENCE WITH 
AIRGUArr 
DATA. 
KISITIVE 
INDICA- 
TIONS 
FKOI.I 
lANDSAT 
IS\*KSTI- 
GATIONS 

(lOOD Kt)UNnA- 
'IION lAID 
wmi PREVIOUS 
TERSSE 
ACTIVITY 


■ADBEIJ TO I'EIEV10US1.V-H«:kTIFIEI) IJSKHS IK TEItSSK flNAL ttEroJlT, VOl. S, 
























ORIGINAL PAGE IS 
OP POOR QUALlTYi 


TABI^ 2-4. EVALUATION OF REPRESENTATIVE MISSIONS (Gontinued) — CANDIDATE APPLICATION DEVELOPMENT 

MISSIONS (Continued) 


RFFCRRNCE 

NVr.lDETt 

TITU; 

HtlOrrLE HOLE 

nESClUPTtOK 

TYPICAL USER 

USE OFSmnTI.E 
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Importance; each of the representative missions should qualify as being significant to the Earth Itesources 
Program (ERP), This criteria involves consideration of several aspects including: 

• economic benefits attributable to the mission 

• synergism with other parts of ERP 

• importance of the mission to the user and his resource management function 
« recognition of limiting item for technique and sensor development missions 

All of these aspects, taken together, comprise the importance criteria. 

Maturity: each of the representative missions should be sufficiently established so that reasonable con- 
fidence exists for success during the early Shuttle program (nominally the first two years). This concept 
of maturity includes success of previous efforts and expected availability of sufficient expertise for its 
continued progress. 

Integrated Program: the five representative missions selected for further study should be typical of the 
breadth and range of Shuttle applications anticipated for the Earth Resources Program. To the extent 
practical in a selection of five, the missions should be selected with an eye on their ability to represent 
the various extremes of applications . 


Each of the candidate missions was evaluated with respect to these criteria and the results indicated in 
Table 2-4. Based on consideration and evaluation of these criteria the five representative missions 
selected are: 


SHUTTLE SORTIE ROLE 

REFERENCE 

# 

EARTH RESOURCES MISSION 

TECHNIQUE DEVELOPMENT 

TD-1 

REMOTELY SENSED SOIL MOISTURE 

SENSOR BEVE LOPMENT 

SB-2 

ACTIVE IMAGING RADAR 

APPLICATION BEVE LOPMENT 

AB 8 

URBAN LAND USE/CENSUS 


AB 6 

MINERAL EXPLORATION SURVEY 


AB 9 

-- 1 

TIMBER VOLUME INVENTORY 


The five missions have several significant characteristics when considered collectively as a set (in addition 
to their individual one-at-a-time merits. ) The three application development missions Involve three dif- 
ferent fypes of resource managers: Timber Inventory (Federal Agency), Urban Land (non-Federal govern- 
ments, i. e. city, county, state) and Mineral Exploration (private mineral exploration and mining compauiesL 
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The five missions span the entire spectral range with active radar, passive microwave, visible, and infrared 
sensors. Each Is utilized for missions which reflect the maturity of their use (e.g. visible and infiared 
sensing for application development, and microwave for soil moisture technique development). The orienta- 
tion of these five missions is towards a broad-spectrum research and development program as opposed to 
solely on operational objectives. The Remotely Sensed Soil Moisture and Active Imaging Radar missions 
support early-phase R&D while the application development missions are more mature system demonstra- 
tion R&D objectives. 

It should be noted that, for this second stage of selection no attempt was made to identify 'iDetter" missions 
or to quantify each mission's suitability against the selection criteria. The set of five missions selected 
represents an optimal set for the purposes of the study, and the inclusion or exclusion Of a specific mission 
should not be construed as Indicative of its relative Importance to either the Earth Resources Program or 
the Space Shuttle Program in the whole. 
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SECTKJN 3 

MBSBON DESCRIPTIONS 

In Hits section each of die five selected missions is analysed in deptti to define tbe following mission 
related factors: 

• Detailed mission description 

• User community and benefit mechanism for the mission 

• Shuffle fli^t justification 
« Sensor requirements 

• Flight program requirements 

• Test site selection 

• Data processing requirements 

• Data analysis and information presentation requirements. 

A full understanding of all these factors is essential to the implementation of a comprehensive program 
which efficiently accomplishes the objectives of each mission. 

The five missions addressed in this section are: 

« Remotely Sensed Soil Moisture 

• Active Imaging Radar 

• Urban Land Use/Census 

• Mineral Ejqiloration Survey 

• Timber Volume hiventoiy 

The Soil Moisture mission represents the use of Space Shuttle in its Technique Development role and the 
Imaging Radar mission is represQitattve of the Sensor Development role. The latter three missions are 
representative examples of using the Space Shuttle sortie flints in the Application Developmait role. 

3.1 REMOTE SENSING OF SOIL MOISTURE 

The Remote Sensing of Soil Moisture is a mission which is representative of using the Space Shuttle sortie 
flights in die Technique Development role. Technique development is a research oriented activity whose 
goal is to identify and perfect a basic remote sensing technique; the Shuttle serves as a space borne 
platform. 
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3.1.1 BACKGROUND AND MISSION DESCRIPTION 

The objective of this mission is the development of remote sensing techniques for the determination of the 
amount of free water in a particular soil sample from a space platform. Free water implies the potential 
for this water to be used in various hydrological processes as opposed to water which is hygroscopically 
or molecularly bound to the soil and is unavailable for drainage, runoff, evaporation, or use by plant life. 
The application of soil moisture data to resource management spans a surprisingly wide range of 
disciplines. In agriculture, soil moisture data is believed to be a key ingredient in the abiliQ^ to predict 
crop yield. Although it has been shown that monitoring vegetation vigor can determine the health of a 
particular species, once drought-caused stress occurs, it is too late to prevent damage. A measure of 
soil moisture (or lack of it) prior to damage could signal trouble. In addition, if soil moisture data could 
be obtained on a fine scale (==50 m or less) it would be beneficial to individual agricultural units in aiding 
judgement as when to fertilize or irrigate. With accurate soil moisture data it should be possible to time 
these two very important phases more precisely and effect savings while increasii^ yield and efficiency. 
There are several other agriculture related applications for which remotely sensed soil moisture data 
Avould be beneficial. These include monitoring of federal rangelands to determine optimum grazing times 
as well as the number of head of cattle (or animal units) which the range can support. 

In the field of hydrology several important applications exist which require soil moisture data input. The 
stu<^ of natural watershed areas and predictions of their runoff potentials is at beat an approximate 
science at the presoit time. Howeve., it is felt that with good soil moisture data as well as accurate 
watershed boundary delineation these runoff potentials could be calculate more accurately, thus, pro- 
viding valuable information for flood control, dam construction and water resource management in general. 

hi the field of meteorology there is an important application of soil moisture data. As a part of large 
scale wealher generation processes, evaporative heat transfer at the air/soil interface is a major con- 
tributor of heat to the environment. This is very important to prediction of weather patterns on a large 
scale and present models for this predictive process require inputs of soil moisture data. The ability to 
routinely collect soil moisture data at the right spatial scale will aid in the improvement of global weather 
pattern predictions. 

Several additional uses of soil moisture data may be grouped together under the general title of soil con^ 
servation. These include monitoring of critical flood plain areas such as the Mississippi and small scali^ 
monitoring of unstable soil slopes to predict slope failure (landslide). These applications are less mature 
at this time than the others mentioned and require further development based on the availability of soil 
moisture measurement techniques. 
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Three basic measurement approaches have been suggested for obtaining soil moisture information by 
remote sensing meihods. Two of these operate in the visible and near infrared region of die electro- 
ma;^etic spectrum, while the <hird utilizes energy in (he microwave region. Within these basic approaches 
there are subsets with slight variations, such as purely active or purely passive sensors. At the present 
time none of Ihe approaches can be considered operational but are mature enou^ in terms of being based 
on sound anal 3 rtieal models and fairly well developed instruments so that they can be realistically con- 
sidered for the Soil Moisture technique development mission. 

The first approach, which uses optical methods, measures surfece soil moisture to a depth of a few pm. 
through the phenomena of polarization of scattered light. As the surface soil moisture content increases, 
light from an unpolarized source (the sun) eKperiences more polarization when scattered from the soil. 

By using a sensitive instrument called a photopolarimeter it is possible to measure the degree of 
polarization and correlate it to the amount of soil moisture. Figure 3-1* demonstrates the degree of 
pola^zation observed as a function of soil moisture based on laboratory and aircraft flight measurements. 

A photopolarimeter may be designed with a small instantaneous field of view yielding the fine spatial 
resolution required by some soil moisture applications. Current instruments are "single spot" types, 
however mechanical scanning can provide wide area coverage, and the emergence of photodiode arrays 
allow solid state imaging sensors to be developed. Several unknown areas must be investigated before 
this approach may be considered viable, including operation over vegetative cover, operation with multiple 
spectral band coverage, and determination of sensitivlfy to viewing angle in the piincii^ plane. One very 
encouraging result noticed to date in measurements over bare fields was a lack of sensitivity to soil type. 
Due to the reliance on sunli^t as the source of illumination, however, this approach suffers all the 
classical drawbacks of other optical or spectral analysis systems and must have clear atmospheric condi- 
tions and operate in daylight. 

A second measurement approach is termed spectral analysis. This implies that total radiance in a 
specific spectral band is the parameter of interest rather than the degree of polarization. Within this 
approach class of spectral analysis are two subsets ; spectral reflectance in the region from . 4 pm to 
2.0 pm (visible to near infrared, IR) and the measurement of diurnal temperatore differences using far 
infrared (10 pm). The spectral reflectance method is based on the fact that as soil moisture content 


♦Source: Stockoff, E. H, and Frost, R. T.s "Remote Detection of Soil Surface Moisture", 9th hitemational 
Symposium on Remote Sensing of Environment; Ann Arbor, Mich. , 1974 
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Figure 3-1, Degree of Polarization vs Soil Surface Moisture {0 - 1/4 inch) 

increases, the reflectance from that soil decreases. Figure 3-2* demonscrates this effect for a particular 
soil type. The diumal temperature difference method relies on the increased thermal capacity of moisture 
laden soil and the corresponding difference in heating and cooling rates during the day. 

Both methods can be implemented throng die use of a multispectral scanner such as the MSS flown on 
Landsat or the S192 used on Skylab. in addition, the diumal AT approach can also use imaging IR 
radiometers to make file measurement. Each of the methods enjoys the advantages of relatively fine 
spatial resolution achievable with scanners or imagliig IR radiometers but each also has several serious 
disadvantages which raise questions as to its application as a quantitative measurement. For example, it 
has been seen that the spectral radiance in all portions of the visible spectrum is highly dependent on the 
type and density of vegetation present as well as on the composition and roughness of the soil. 

The third basic technique which has been shown to be useful in remote determination of soil moisture is 
the application of microwave sensors, both active and passive. Three different applications of microwave 


^Source: Blanchard, M, B., Gredey, R. and Goettleman; "Use of Visible, Near-lhfrared, and Thermal 
Lifrared Remote Sensing to Study Soil Moisture", 9th hitei^flonal Symposium on Remote Sensing of 
Environment, Ann Arbor, Mich,, 1974 
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Figure 3-2. Percent Total Reflectance vs Wavelengtii for Various Moisture Contents 
Showing Water Absorption Bands at 1. 4 and 1. 9 Microns 

measurements are available: scatterometer (active), imaging radar (active) and microwave radiometiy 
(passive). 

The methodology used in the application of both^atterometers and Im^ng radar is very similar. It has 
been shown that the backscatter cross section 4or soils is a function of the soil moisture, (see Figure 
3-3*). Thus, a detexaninatlon of backscatter cross section at some (or several) incidence an^es less than 
20° can provide a measure of soil moisture. The scatterometer makes this measurement as an average 
over a relatively large area, the imaging radar provides the potential for such measurements over a 
smaller instantaneous Held of view within the total ground area viewed by the sensor. 

The use of a passive microwave radioni^^' depends on the fact that a good correlation has been 
established between thebri^tness temperature of soil samples and the moisture content. Figure 3-4** 
shows the empirical relationship in graphical form for measurements using a 1. 5 GHz microwave 
radiometer. 

*Source: Ulaby, F. T. ; Chilar J. ; and Moore R. K. "Active Microve Measuremait of Soil Water 
Content" ; Remote Sensing of Environment (3); pp 185-203; 1974. 

♦♦Source: Schmugge, T. ; P. Gldersen; Wilheit, T. ; and Geiger F. ; "Remote Sensing of Soil Moisture with 
Microwave Radiometers"; Journal of Geophysical Research (RED); Vol 79; No 2; Jan. 10, 1974; pp 
317-323, 
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Figure 3-3, Scattering Coefficient as a Function of Effective Moisture Content. Frequency is 4. 7 GHz 


Table 3-1 summarizes the various methods dis- 
cussed and their limitations and development 
requiremoits. The Technique Development mission 
for Remote Sensing of Soil Moisture will be con- 
ducted via a series of di^ts using several sensors 
simultaneously. A primary goal of the mission is 
the further investigation of the limitations of each 
of the methods, and an evaluation of the extent to 
which use of two or more of the methods simulta- 
neously can provide a significant improvement in 
measurement accuracy at the desired spatial 
resolution. 



Figure 3-4. Plot of 21-om Brightness Tempera- 
tures versus Soil Moisture for Bare 
Fields. Plus signs lodioate Sandy 
Loam; Open Circles Bidicate Clay 
Loam. 
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TABLE 3-1. SOIL MOISTURE MEASUREMENT TECHNIQUE SUMMARY 



POLAIUMETEn 
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DIURNA L TEM PERA'rURE 
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SCATTEROMETEB 
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±11 KtOBTURE 

Ll^m’ATtONS OF METHODS 
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« CLEAR 5UNUGRT 
REQUIRED 
ft VEGETATION 
OBSOUnCS 
MEASUREMENT 

ft VARIATION DUE TO 
ITIESENCK OF VEGETA- 
TION, son. TYPE, ETC. 
ft REQUIRES UNOBSCUKEI) 
(CLOUD FREE) VISION 
ft REQUIRES. 'lUNJ.n* 
SCENE 

REQUmKS3 FLIGHTS 
APPROX 12 HOURS APART 
WITHOUT OBSCURATION, 
AND NO MOISTURE 
CHANCE 

COMPLEX, GOSTi.Y si'*:son 
HIGH DATA R/tTE 
COMPLEX DATA PROCESSING 
REQUIREMENTS 
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STATUS OF METltOD 

CORRELATION OK 
POLAR tZ/\TJON VS 
son* MOBTURE WELL 
BEHAVED. uriTLE 
FLIGHT EXPERIENCE 
UTTl! AERGRAFTOR 
s/c 

PUODAULY SOT ADEQUATE FOR QUANTITATIVE 

me.\hure:.ibsts but useful in supportive role 

(c.g., El iMINATIONOF EFFECTS OF VEGETATIVE 
COVER! DO NOT REQUIRE NEW SENSOR, XRJCH FLIGHT 
KXPERfliNCE AVARABLE FOR MULTISPECTRAL 
SCANNERS AND ER RADIOMETERS. 

SO SENSORS CURRENTLY 
AVAILARLE FOR S/C 
FLIGHTS. UNCERTAINTY AS 
TO METHOD OF EXTRACT' ■} 
SOIL MOISTURE DATA Ff *. 
RADAR DUGERY 

SENSOR TECHNOLOGY 
WELL DKVKIXJPED, GOOD 
THEOHETICAL MODEI.S OF 
PHENOMENA AVA1L<\DLE 
WD'H HIGH POTENTIAL FOR 
QUANTITATIVE RESULTS 

GOOD CORRELATION OP . 
BRIGHTNESS TEMPERATURE 
WITH SOIL MOISTURF.. GOOD 
AGREEMlUT BcnVEEN 
THEORETICAL MODELS AND 
FLIGHT EXPERIMEKT 
RESULTS 

FUTURE OCTELOPMENTS 

DfcVEI.OP A/C SENSOR 
FOR IMAGING 
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V ERFFY TIIEORETICAL 
MODELS 

COKTINUB CURRENT FLIGII 

T PROGRAMS 

CONTINUE A/C FLIGHT 
PROGRAM TO DEVELOP 
METHODOIOGY AND 

analytical TOOIS 

COK ”INUE A/C FLIGHT 
PROGRAM TO VERIFY 
AND E\'AI>UATE EFFECTS 
OF VEGETATION, SOIL 
ROUGKNFJWAND PARTICLE 
SIZE, ANDSELECl’ 
OPTIMUM FREQUENCIES 

FURTHER AmCRAPT FLIGHTS 
REQUIRED TO IDENTIFY OPTIMUM 
FREQUENCtES AND CHARACTERIZE 
RESPONSE TO SOIL TYPE, 
ROUGHNESS, VEOETATDN. 
DEVELOPMENT OF SPACEDORNE 
SENSOR 
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The techniques to be investigated during the initial phase of the technique develo^ait mission will be 
limited due to the non-availability of the active microwave sensors (scatterometer and synthetic aperture 
radar). In addition, the diurnal temperature method is impractical for Shuttle flights because of orbital 
constraints which do not permit coverage of the same test site every 12 hours. Thus, the techniques 
which will be evaluated are; 

• Polarimeter measurement 

• Spectral Analysis 

• Microwave Radicmetry 

3.1.2 USER COMMUNITY AND BENEFIT MECHANISMS 

Technique development missions are intended to provide a groundwork upon which a specific method of 
obtaining remotely sensed earth resource data may be developed. Their end goal is not to actually collect 
the particular data in question (this is done in an Application Development or operational mission) but to 
test various methods and verify the technique being considered. For this reason a technique development 
mission may encompass several flights, each having a different end objective, but the overall goal is to 
finally arrive at a preferred way of gathering the required data. 

hi this instance the required data will be soil moisture and the mission is to investigate various possible 
ways of remotely measuring soil moisture and to verify which technique will ultimately satisfy the require- 
ments. Although the mission (ly its unique defimtion) produces no data for a specific application, there is 
still a community of users who support the mission and are vitally interested in its progress. The 
immediate users of results from this mission consist of those researchers involved in evaluating and 
recommending soil moisture measuring techniques. These consist of academic scientists and researchers, 
engineers and scientists at the interested NASA centers and several potential users of actual soil moisture 
data such as USDA. These users will concentrate on evaluations of the utilify of a specific approach in 
gathering soil moisture and the applicability of the technique to eventual operational use. Thus the users 
for a technique development mission differ from the users for an operational mission. 

Several of these users nave been involved in research and basic investigation of soil moisture for several 
years and presently are participating in the NASA funded efforts which continue this work, Ih addition to 
those users already identified there are several other potential users of remotely sensed soil moisture data 
including regional land use agencies, the National Weather Service, the Army Corps of Engineers and the 
Soil Conservation Service of the USDA; most of these however, are ultimate operational users not 
Technique Development users. 
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Similarly, because of the nature of the technique dei^elopment mission, the benefit mechanism is also not 
clearly defined. It is not possible to stipulate direct cost benefits to be derived from the development of 
operational techniques - such benefits result indirectly from the improvements in applications missions 
which use, in this case, soil moisture data as a part of the overall data input. 

3. 1. 3 jasTIFICATION FOB SHUTTLE PROGRAM 

Shuttle sortie missions flown for technique development purposes are intended to provide the foundation 
upon which is built the application of a remote sensing technique for use in several resource management 
applicatioiiB, This is accomplished through early investigative flints utilizing various promising remote 
sensing appi ouches designed to explore specific techniques. It is important to realize that the object here 
is not the aclual daf:a for application to a resource management problem, but the verification of the techni- 
ques proposed in order to effect eventual maturation into an operational class. It is felt that the Technique 
Developmentrole is an important one foi’ Shuttle and fits several emerging remote sensing practices and 
resource management needs. 

To these ends the Shuttle lends many valuable characteristics such as the ability to recover a payload intact 
and perform subsequent repairs, refurbishment or modifications. 

A further key aspect of the application of the Shuttle to the technique development mission selected (Soil 
Moistui’e measurement) is the ability to fly various payloads representing the different experimental methods 
described earlier so that different combinations of these methods may be evaluated. This flexibility also 
includes the capability for verifying techniques with improved sensors as they become available. 

A final reason for using Shuttle as the platform for soil moisture technique development where passive 
microwave sensors are concerned lies in the size of the aperture required to achieve meaningfully homo- 
genous data cells on the Earth's surface. The largest passive microwave radiometer to be flown in space 
by the early 1980's will have been the Scanning Multichannel Microwave Radiometer (SMMR) which is 
scheduled to fly on Seas at A. An effective resolution increase of lOx can be achieved with the use of the 
Shuttle Imaging Microwave Sensor (SEMS) on Shuttle. This results from both increase in aperture (>x5x) 
and lower fll^t altitude (~2x). 

3. 1. 4 SENSOR REQUIREMENTS 

The intent of the technique development mission is twofold - to develop individual techniques and to evaluate 
the improvements to be derived as a result of using the different individual techniques in a complementary 
manner. The sensors required for the mission must, therefore, be flown as a single package whenever 
possible. 
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The sensor requirements for this soil moisture mission consist of those sensors which in existing experi- 
ments have shown realistic promise of providing measurements relatable to soil moisture. Four major 
sensor types have shown (refer to Figures 3-1 through 3-4) promise for being able to indicate soil moisture 
content, either atone or in combination with each other. These four are optical polarization, multispectra! 
signature, passive microwave radiometry, and active microwave scatterometry. High resolution, large 
aperture, microwave scatterometry requires a sensor such as the Synthetic Aperture Badar (SAB); the 
SAB and its de\'elopment are the subject of section 3. 2 of this report. 

The sensor reciuirements are tabulated in Table 3-2. From this table it will be seen that a spot photo- 
polarimeter of the type currently being flown on the NASA CV-990 aircraft, the Thematic Mapper, and the 
Shuttle Imaging Microwave Sensor (SIMS) will be required to satisfy the sensor needs. 


TABLE 3-2. SOIL MOISTURE MISSION SENSOB BEQUITREMENTS 



POLABIMETEH 

MDLTISPECTEAL 

SCANNER 

MICROWAVE 

RADIOMETER 

SPECTBAL bands 

10-15 NM in 400-1000NM 
SPECTBAL EEGION 

(i BANDS IN 400-2500NM 
SPECTRAL REGION 

11 BANDS IN 0. 6-120 GHz 
REGION 

INSTANTANEOUS FIELD 
OF VIEW 

u 

30^ BAD (^15 METERS) 

0. 1 to 17”, DEPENDING 
ON FREQUENCY 
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In as much as the photopolarimeter is a relatively unfamiliar sensor, the following few paragraphs will 
provide a br ief summary description. 

Laboratory and CV-990 fll^t test of the photopolarimeter instrument have Shown that polarization of 
reflected visible light is one of the more sensitive techniques available, for remote detection of soil surface 
moisture. One of the advantages of this technique Is the relatively large amount of reflected power 
available within narrow bandwidths which can be selected to minimize unwanted li^t, such as that from 
sparse foliage on a nearby bare field, aixl the relatively high quantum efficiency of available detectors in 
the visible range of wavelengths. The one degree instantaneous field of view affords a suitable area 
resolution from the minimal orbit altitude to correlate soil moisture measurements with the prime instru- 
ment, SIMS. Following is a brief description of the measurement technique. 
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The moisture content of the soil surface viewed by the polarimeter is measured by determining the angle 
through which the U^t has been scattered by the soil and by observing the degree of polarization of this 
light produced during its interaction with the soil. The polarimeter then measures this degree of polari- 
zation in terms of the first three Stokes parameters, called here I, Q and U. Q and U are measured by 
the polarimeter as the difference between two readily measured U^t intensities. A development of the 
representation of polarized li^t in terms of these parameters may be defined as follows. 

I = total intensity of li^t 

Q = IP cos (2X) 

U = IP sin (2X) 

where P is the degree of polarization of the light and X is the angle formed between a reference plane, de- 
fined by the viewing direction and, usually, the vertical, and by the plane of polarization of the light. To 
obtain maximum angular scanning i?ange through the aircraft window, the reference plane was oriented as 
shown in Figure 3-5 with ^ = 22. 5° relative to the "plane of incidence" of the window. The plane of in- 
cidence is defined fay the normal to the window and the viewing direction. One of the three optical barrels 
of the polarimeter measures I, in the form l/2, while each of the other tw<5 barrels measures the intensity 
of light as transmitted through a polarizing prism. The resulting intensity B, in one case for the prism 
whose transmitting axis is oriented as shown and labeled "B" in Figure 3-5, and intensity D, in the other 
case for which an axis labeled "D" is shown, were then combined electronically to produce Q and U as 
follows, 

Q/2 = B - 1/2 
U/2 = D - 1/2 

Two of the three parameters, I, Q and TJ, are sufficient to calculate the degree of polarization but, to 
permit a choice of which combination is used, to minimize error in the calculation, all three are measured 
and recorded. Because it was necessary to make the measurements by oblique viewing through a window 
in the pressure hull of the aircraft, a correction must be applied to the data to account for 1) the change in 
magnitude and orientation of plane of polarization of the polarized compartment, 2) the attenuation of the 
unpolarized compartment and 3) the generation of a polarized component from the unpolarized component, 
all due to the presence of the window. 

A photodiode array polarimeter would be used as an advanced version of this sensor in later flights if the 
spot-scanning instrument bears out the fruitfulness of the polarization sensing approach. 

3.1.5 FLIGHT PROGRAM AND TEST SITES 

In order to accomplish the objectives of the mission, and to gather data for as wide a range of soil moisture 
conditions as possible, several flights of the full sensor complement should be made at different times of 
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plane of Incidence 



Plane of Ineidence: Plane defined by normal to window in aireraft and 

viewing direction. 

ReferenGe Plane: Plane from which orientation of plane of polariza- 

tion is measured. 

Plane of Polarization: Plane in wliich electric vector of light has its 

maximum value. 

B: Plane of transmission of polarizing prism in one of the barrels of the 

photopolarimeter. This plane is normal to the reference plane. 

D: Plane of transmission of polarizing prism in another of the barrels of 

the photopolarimeter. (Plane of transmission means plane in which 
electric vector of light is completely transmitted. ) 

/9: Arbitrary angle between photopolarimeter reference plane and normal 

to window. In the work reported here, = 22. 5 . 

0.: Angle indicating orientation of plane of polarization of light after having 

passed through aircraft window. 

X: Angle indicating orientation of plane of polarization relative to reference 

plane; used in general expression for Q & U. 

Figure 3-5. Orientation of Planes Identified in the Discussion of Stokes Parameters 

the years. Each fli^t must be correlated closely widi extensive ground truth ^ aircraft underflights. 
For the soil moisture technique development mission, several Shuttle sortie flights will be required, one 
at least during each season in order to gather data under different wealiier and vegetative cover conditions, 
hi addition, the Shuttle orbit should be (or be adjusted, refer to Section 5, to be) such that a short revisit 
cycle, on the order of a couple days, is obtainable to assess the temporal effects. The Shuttle flight must 
have a nominal orbit iucliimtion (approximately 35°) sufficient to include several calibration and well in- 
strumented test sites such as swamps, deserts, and controlled fields (varying area, bare, vegetated, 
irrigated, etc.). 
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Because of the research nature of technique development, it will be necessaiy to conduct a sizeable ground 
truth and auxiliary data acquisition program to obtain measurements coincident (within two hours) %vith the 
Shuttle flights. These measurements must include the obtaining of soil samples, weather and atmospheric 
observations, detailed descriptions of the test sites, and similar data. It may be necessary to schedule 
supporting aircraft underflights with well instrumented aircraft over the same areas. 

3.1.6 DATA PROC ESSING AND INFORMATION DBSEMINATION 

Sensor data for the soil moisture technique development mission will be preprocessed in the Shuttle data 
preprocessing facility. Further analysis will be performed using both the extractive processing facility 
and general purpose computers by individual members of the technique development program team. Fig- 
ure 3-6 schematically shows the data processing steps required. 

Because of the limited research nature of the mission, information dissemination can be conducted by in- 
formal transfer of information between team members, with publication of the methodology and results 
as the final dissemination step. 

3.2 SYNTHETIC APERTURE RADAR (SAR) DEVELOPMENT 

The Synthetic Aperture Radar (SAR) Development mission is one which is representative of using the 
Space Shuttle sortie flights in the Sensor Development role. The goal of sensor development is to perfect 
and optimize, in an aigineering sense, a sensor whose utility has been established in technique develop- 
ment and for which there is an application(s) need. The role of the Shuttle is that of a space borne en- 
gineering laboratory test platform. 

3.2.1 BACKGROUND AND MBSION DESCRIPTION 

The intent of the sensor development mission for a Synthetic Aperture Radar is the verification, by flight 
of prototype hardware, of the design of the SAR as a sensor. It is not intended as a means of providing 
SAR data to applications users or resource managers. In this respect the sensor development mission is 
similar in purpose to the technique development mission - namely to provide a vehicle for the development 
of optimum flight hardware which may subsequently be used as an operational sensor. The final product 
is the detailed sensor design requirements for an operational sensor. The immediate user of data from 
the sensor development mission is the sensor development manager. 

The SAR is an outgrowth of two decades of development, starting with the development of the synthetic 
aperture concept in 1950, Early attempts at fl 3 dng imaging radars in aircraft resulted in the SLAR (Side 
Looking Airborne Radar ) which used brute force techniques with long antenna aperture and high peak powers 
to achieve fine resolution imagery. The synthetic aperture approach permits the syn&esls of an "effective 
aperture" which can be several times longer than the vehicle on which the radar is carried as a result of 


3-13 


aiPRODUCIBILrrY OF THE 
PRJONAL PAGE IS POOR 



PREPROCESSING 




DATA CORRELATION AND E?<TRACTIVE PROCESSING 
SOIL, VEGETATION MAPS 


1 

RADIOMETRIC 

1 

1 




VEGETATIVE 

w 


% H20 



COVER 

ni 

AND 

m 

DERIVATION 



ROUGHNESS 

1 

GEOM. LOCATION 

n 



correction 

m 


I 







1 






n 

RADIANCE CAL 
STOKES 

1 

% HgO 


L 

VEGETATIVE 

COVER 


1 

PARAMETERS 
GEOM. LOCATION 

[■ 

1 

DERIVATION 


SOIL TYPE 
CORRELATION 



RESULTS 
COMPARISON 
ACCURATE 
% H2G 
DERIVATION 


PUBLISH 

PROCEDURES, 

ALGORITHMS 


GROUND 

TRUTH 


SPECIAL PURPOSE HDWE 


SOFTWARE 


Figure 3-6, Soil Moisture Mission Data Processing 













successive observations of the sanae aiea with a small antenna at different positions, and using the concept 
of phase coherent summation of several returns from the same resolution element as the radar moves in 
position. In this fashion it is possible to S3mtheslze very large antenna "apertures" and achieve spatial 
resolution (azimuth) that are independent of radar altitude (range). The techniques for achieving this fine 
resolution impose severe complexily, power, weight and data requirements upon the radar and even affect 
attitude requirements of the platform. The imagery that can be produced from this technique is of very 
high quality and lends itself readily to applications such as terrain mapping, geological studies and other 
established radar uses. 

The SAR development mission is designed to use the capabilities of the Shuttle as a platform for the further 
development and flight testing of a SAR hardware design. The mission will consist of initial flights to 
verify mechanical and electrical integrity of the design, especiaEy tlie unfurling of a very large (3m x 12m) 
antenna and the electromagnetic compatibilify of the SAR, Subsequent flights will then be used to perform 
analyses of performance parameters such as sensitiviiy, spatial resolution, transmitter efficienoy, etc. 
for the sensor. Modifications to tlwi seiisor may be made between flights based on analysis of data from 
earlier flights. The final output from the mission will be a detailed understanding of the requirements 
and design of operational flight hardware. 

3.2.2 USER COMMUNITY AND BENEFIT MECHANISM 

The user community for the sensor development mission is, initially, simply the sensor development 
manager and his support staff. As the mission progresses, however, and the sensor matures through 
flight experience, it is probable that this community will widen through involvement of applications oriented 
users, thus changing gradually from a sensor development to a technique development program. 

The direct benefits of developing a new sensor, such as the SAR, are difficult to quantify and assess. 

The SAR will produce data of a dramatically different type and qualify than anything now in existence. 

The need for, and benefits from, SAR are assumed to have been established for the purpose of this study. 
There are maiy potential users of SAR data for applications in geology, meteorology, hydrology, and 
oceanography, and it is the ultimate satisfaction of these applications needs for currently unobtainable 
data which provides the ultimate benefit mechanism for the sensor development. 

3.2.3 JUSTIFICATION FOR SHUTTLE' PROGRAM 

The Shuttle offers several unique capabilities when considering a vehicle for an orbital sensor development 
mission: 

• Large payload capability 

• Large power and data storage oapacify 
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• Recoverabilily 

• Maimed interaction on orbit. 

Each of these Shuttle capabilities will be seen to contribute to the SAR development. 

The large payload capabillfy enables SAR design without constraining (within reason) the configuration of the 
hardware, its design state or weight - providing it meets operating and safety requirements of the llighl. 

As an extreme, it should not be considered undesirable to fly a breadboard configuration during the latter 
phases of sensor development if it were suitably paclcaged to withstand the launch and orbital environment. 

Large amounts of available power preclude the need for constraining design with a tight power budget and 
avoids high design/development costs. Once development is complete, suitable packaging can be accom- 
plished for the speciRc application. 

Recoverability enables early operation of the sensor or its components under the expected (orbit) eiiviroji- 
ment without undue concern for failure, and the circuitry design can be evaluated with preplanned variable 
inpiut parameters and the results evaluated. Exhaustive and costly ground simulations of the expected en- 
vironment can be avoided. 

With appropriate consideration to the sensor component design and with suitable test/telemetry points 
available for orbital troiibleshootihg and repair as necessary, maximum use can be made of the man-in- 
orbit/machine interface and substantial savings should result from accomplishment or near accomplishment 
of the plaimed orbit objectives. Skylab has shown that even under extremely difficult conditions repairs in 
orbit can be accomplished. With proper preliminary consideration, repairs or adjustment iij orbit can 
become relatively routine. 

3. 2. 4 SENSOR REQUIREMENTS 

The hardware design of the candidate SAR sensor is currently being pursued by both Hughes Aircraft and 
the Let Propulsion Laboratory. The Hughes design is for a dual frequency system (X&L band) and employs 
all-digital techniques for data recording. In addition it has a limited on-board processing and display capa- 
bilily. The design chosen uses a processing technique (clutter tracking) which greatly eases Shuttle attitude 
control problems in azimufli pointing. 

The antenna design allows imaging of a 90 km swath within a 290 km possible illumination range at angles 
of 20° to 60° off nadir. 

Although quite similar to the Hu^es design, the JPL design approach incorporates a third frequency (Ku 
Band - 15 GHz), operates at only one nominal resolution and requires considerably more power. In addition 
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no fj nftnito approach to data recording, handling or preproceesing has been selected, although several 
txade-offs and comparisons have been considered. Table 3-3 summarizes ihe salient features of the tv.'o 
designs. 

TABLE 3-3. SAR SENSOR DESIGN SUMMARY (PRELIMINARY) 

HUGHES JPL 


FREQUENCY PLAN 

X & L BAND (9 GHz, 1 GHz) 

Ku, X, L BAND (15 GHz, 8.3 GHz, 
1.3 GHz) 

SWATH WIDTH IN VIEW 

290 Km 

100 Km max, 
40 Km max. 

SWATH WIDTH IMAGED 

90 Km 60 Km 30 Km 

40 K to 100 Km 

RESOLUTION 

25 m 12.5 m 6 m 

25 m 

DATA RATE 

480 Mbps 

UNKNOWN 

ANTENNA SIZE 

12 X 3 m, 2 FOLDS 

10 X 3.1 m 

WEIGHT 

1060 Kg 

813 kg. 

VOLUME 

11. 8 m^ 

UNIOIOWN 

POWER 

4 Kw 

7.8 kw 

POLARIZATION 

VV & VH 
HV & HH 

VV & VH 
HV & HH 


3.2.5 FLIGHT PROGRAM 

€ ' 

The unique Shuttle capability for intact recovery of payloads lends itself to an evolutionary sensor develop- 
ment program. One evolutionary approach would be to orbit all (or most) of a sensor and incrementally 
acquire sensor data to check out the sensor's suitability for different applications. An alternate evolutionary 
approach (discussed in this section because of its uniques in order to stimulate further thought in the 
community) is to incorporate the sortie flights as part of the sensor engineering development and test cycle. 
With this approach, the sensor would be incrementally flown in subsystems which would each be checked 
out with the actual Shuttle environment and conditions. 

The SAR fli^t test program will be a phased development program starting with purely mechanical and 
electrical integrity/compatibility tests. This will then be continued throu^ to Ihe final flights for perfor- 
mance analysis and Initial ground processing together with interpretive technique development. The objec- 
tives and procedures for each flight will be established based on the results obtained from previous flights 
thus providing the phased approach towards a complete flight sensor development. Table 3-4 describes 
the purpose of each of the three phases of the flight program, and Figure 3-7 shows candidate test site 
areas for the later flights in the program. 
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table 3-4. SAR DEVELOPMENT FLIGHT PROGRAM 


FLIGHT program PHASE 

NUMBER OF 
FLIGHTS 

purpose 

S’^TEM VERIFICATION 

lOR 2 

• verify mechanical INTEGRITY AND AN- 
TENNA folding and unfolding 

• VERIFY ELECTRICAL OPERATION OF LOW 
POWER EQUIPMENT 

• VERIFY OPERATION OF HIGH POWER & RF 
EQUIPMENT 

• PERFORM EMI & RFI COMPATIBILITY TESTS 

• VERIPy OPERATION OF ONBOARD MONITOR 
EQUIPMENT 

SYSTEM performance 
ANALYSIS 

1 

• ANTENNA PATTERN MEASUREMENTS WITH 
GROUND BEACONS & CORNER REFLECTORS 

• MEASURE SYSTEM SIGNAL-TO-NOBE AND 
SPATIAL RESOLUTION 

• OBSERVE SELECTED GROUND TEST SH'ES 
DURING DAY & NIGHT, CLOUD FREE & CLOUD 
COVER CONDITIONS. 

• RECORD DATA FOR LATER PROCESSING ON 
GROUND. 

■ sensor applications 

1 

• RECORD DATA FOR APPLICATIONS TYPE 
PROCESSING ON THE GROUND 

• CONTINUE SYSTEM PERFORMANCE 
MEASUREMENTS 


The baseline flight program provides for a single flight for each development phase, however an alternate, 
evolutionary approach has some desirable advantages. 


This alternate approach Would provide two flights for the first phase of the program, the first being a 
non-operating flight and the second being the initial flight for a fully operating sensor. 

During the first flight a full test of the mechanical and thermal properties of the hardware, especially the 
antenna unfolding and thermal and mechanical stability, would be evaluated. Additional tests would deter- 
mine satisfactory operation of low power equipment and warmup time, etc. Table 3-5 shows a typical set 
of operations for the first fli^t. 

The second fli^t would be used to verify the performance as a result of actions taken to correct problems 
discovered during the first flight, and would also be used to verify operation of high power RF equipment 
and RF loading of the antenna. EMI and RFI tests would be made during the flight, and checkout of onboard 
monitoring equipment will be performed. 
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COVERAGE 


• SEVERAL controlled TEST SITES 

- WIETROPOLITIAN AREA 

- NEAR SHORE OCEAN 

- AGRICULTURAL AREAS 

- GEOLOGICALLY ATTRACTIVE 

VIEWING CONDITIONS 

• VARIATIONS DESIRED IN 

- DAY/NIGHT 

- CLOUD FREE/OBSCURED 

- SEASONAL GROUND COVER 

ANCILLARY DATA 

• GROUND TRUTH 

• METROLOGICAL DATA 

• SOIL CHARACTERISTICS 



• HYDROLOGICAL DATA 


Figure 3-7. Candidate SAR Test Sites 


TABLE 3-5. TYPICAL OPERATIONS, EVOLUTIONARY FLIGHT NO. 1 


COMPONENT OR 
OPERATION 

1, ANTENNA 

POTENTIAL PROBLEMS 

• MECHANICAL CONTROL 

• THERMAL DISTORTION 

• FAULTY OPERATION, 
MECHANICAL 

APPROACH TO CHECKOUT 

• LIMIT SWITCH INDICATORS 
OPTICAL ALIGNMENT CHECKS 

• OPTICAL MULTI-POINT INSTRUMENTATION, 

CHECK OVER SEVERAL DAYS ^ 

• MANUAL DEPLOY/STOW EXERCISE 
EMERGENCY JETTISON SIMULATION 

2. RECEIVERS 
gt PROCESSORS 

• INTERFERENCE ON-BOARD 

• OPERATION, PARTIAL 
SYSTEM 

• OPERATOR PERFORMANCE 

• CHECK WITH OTHER EQUIPMENTS 
OPERATING-SINGLY, IN MULTIPLE 

• GROUND TRANSMITTERS, SPACED 
- ALSO MEASURE BEAM PATTERN 

® PARTIAL EXERCISE OF PROCEDURES 
TO IDENTIFY PROBLEM AREAS 

3. THERMAL 

• TRANSFER OF TRANSMITTER 
HEATING 

-- EFFECT ON ANTENNA AND 
NEARBY EQUIPMENTS 

• SIMULATE TRANSMITTER HEAT 
DISSIPATION 

- INSULATION CHECK ON ANTENNA 
BACK - USE THERMOCOUPLES lO 
EVALUATE - CHECK DISTORTlc;N 

4. ENVIRONMENT 

• LOCAL GAS POCKETS 

• VACUUM EFFECTS 

• GAS DETECTOR strategic LOCATIONS 

• EXERCISE MECHANICAL JOINTS 
CHECK PRESSURE INTERFACES FOR 
LEAKAGE 













3.2.6 DATA PROCESSING AND INFORMATION DISSEMINATION 

Data Processing for the SAR Development Program will be of three basic types : 

Analysis of mechanical and electrical test data 

Preprocessing of SAR signal data 

Evaluation of preprocessed SAR data 

The analysis of mechanical and electrical test data will be performed by the subsystem and system develop- 
ment engineers using general purpose computers. The function of this analysis will be the verification of 
mechanical and electrical integrity and compatibility of the SAR with the Shuttle, and the analysis of ther- 
mal data to verify proper heat dissipation and component temperatures. 

The preprocessing of SAR signal data will be performed on a special purpose SAR preprocessor, ^\'hose 
function is the application of the two dimensional Cransforms to the raw SAR data in order to generate the 
desired imagery data. This imagery data will then be evaluated by use of standard image processing tech- 
niques to determine signal-to-noise performance, resolution and geometric accuracy parameters for the 
sensors. This analysis will also be conducted by the system development engineers. 

Applications data from the SAR preprocessor tvill be evaluated for its utility by a select team of applica- 
tions scientists which has been incorporated into (be sensor development team for this purpose, Tliis 
team will evaluate the imagery data for technique and applications related parameters of interest, and 
will subsequently develop the requirements for a technique development program for the SAR as a yuasi- 
operational sensor. 

Since the data gathered during this fli^t program is primarily for the system develoimient teaiii, all dis- 
semination will be conducted informally. Detailed dissemination plans for user-orientttil agencit , wiR not 
be prepared until 'he development of the Technique Development plaii for the sfusor. 


E.EPB.ODTJCSILITY OF THE 
niiK^AL PAGE IS POOR 
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3.3 TIMBER VOLUME INVENTORY 


The Timber Volume Inventory mission is one of three missions discussed in this report which are repre- 
sentative of using the Space Shuttle sortie flights in the Application Development role, 

3. 3. 1 BACKGROUND AND MISSIDN DESCRIPTK)N 

About one third, 300 million hectares (750 million acres), of the land in the United States are under some 
kind of forest cover. Of that, about 200 million hectares (500 million acres) are considered to be of com- 
mercial value. Commercial forest lands are defined as those whose stable soils, favorable climatic 
environment, and accessibility make them suitable and permanently available for growing continuous tree 
crops of high quality and large volume. Figure 3-8 shows an approximate distribution of forested area in 
the continental United States. No accurate maps showing commercial forest areas in the U, S, currently 
exists; their spatial distribution is very complex. Figure 3-9 shows the U, S. Forest Service's division of 
the United States into sections and regions. 

As shown on Figure 3-10 nearly three quarters of commercial forest is located in the eastern half of the 
U. S, about equally divided between the North and the South sections. These forests cover 80% of the total 
land area in New England, and more than half of the area along the Atlantic Coast. In the Central region, 
about 15% of the total land area is in the commercial timberland category. The one-quarter of the Nation's 
commercial timberland located in the West is concentrated in the Pacific Coast States of O regon, Washing- 
ton and California, and in the Rocky Mountain States of Montana, Idaho and Colorado. 

The interior of Alaska contains an estimated 40 million hectares (100 million acres) of forest land, or about 
30% of Alaska's total land area. An estimated 20% of these forests have a good growth potential, however, 
because of geogr^hic and economic remoteness, none of the forest land in the interior of Alaska has been 
included in toe statistics for commercial timberland. 

Forest land is broken down into three broad ownership classes. As shown on Figure 3-11 about 2l% of the 
commercial forest land belongs to the Federal government, about 6% belongs to state and local govern- 
ments, and the rest is in the private sector of our society. Approximately 95% of the commercial forest 
belonging to the Federal government is in the National Forest System, These forests are located largely 
in the Rocky Mountain and Pacific Coast Sections. The remainder of the Federal commercial forest belongs 
to the Bureau of Land Management, Bureau of Indian Affairs, and various other agencies. 

Commercial forest lands held by business and professional people, wage and salary workers, railroad, 
mining, and other corporations, and other non-farm owners represent the largest class of forest ownership. 
As on Figure 3-11 this represents 33% of the total commercial forest land (about 67 million hectares or 
165 million acres). Another 26% belongs to farm owners. The 27 million hectares (67 million acres) in 


3-21 




Figure 3“8. Geographical Extent of Forested Lands in the United States 



Figure 3-9. Forest Regions of the United States (defined by U.S, Forest Service) 
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Figure 3-10. Regional Distribution by Section of Forested Lands in the United States 



5;6% STATE & LOGAL GOVT. 
21% FEDERAL 

73% PRIVATE 

13.5% INDUSTRY 
26.2% FARMERS 
33.3% MISC. 


Figure 3-11. Ownership of Commercial Forest Land in U. S, 


forest industry holdings (about 13.5% of the total) includes some of the Nation’s most productive timber 
growing areas. About 52% of these industrial lands are in the South, 26% in the North, and the remaining 
areas on the Pacific Coast. It is worth noting that of aU the commercial forests in private ownership, 74% 
are in holdings of under 2, 000 hectares (5, 000 acres), which ejgjlains the complexity of land ownership 
patterns in the U.S. , and their associated management problems. 


The principal purpose for the forest inventory is to help the forester in the variety of management activities 
involving land, the plants and animals growing on it, man and his desires to use the land, and the products 
and services he can obtain from it. 


Since most forest inventories have been and continue to be tiniber estimates, a forest inventory may be 
defined as an attempt to describe the quantity and quality of forest trees and many of the characteristics of 
the land area on which the trees are growing. With the increasing importance of recreation, watershed 
management, forage and wildlife (the so called non-wood values of forest) , the concept of forest inventory 
has been widened. 


To obtain information for a forest inventory it is necessary to make a number of measurements of the trees 
composing the forest, and additional observations regarding the land occupied by them. These measurements 
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may be taken directly In the forest itself and/or by remote sensing such as with aerial photographs. The 
specific measurements will depend on the kind of information required, and may vary for different inven- 
tories, These measurements can be taken for the entire area of a forest and all the trees therein (called a 
complete or 100% inventory). When the measurements are taken only on representative portions of the 
forest it is called a sampling Inventory. 

A thorough forest inventory for timber evaluation provides the following basic elements of information: 

1, A description of the forested area including ownership and accessibility 

2 , Estimates of parameters of quantity in the standing treeSj such as volume or weight, and estimates 
of growth and depletion 

3, Additional information on wildlife, areas of recreational and tourist interest, soil and land use 
capabilities and watershed values. 

There are no distinct inventories for different purposes, but a flexibile continuum with varying emphasis 
on these information elements. For example. Inventories of private forest holdings may require more 
detailed information on volume by species, size classes, precise stand location, than would be needed for a 
general appraisal of the total forest area o r volume on a national or regional basis. 

Since it is too costly and time consuming to measure all trees in a large forest area, sampling is used to 
provide the necessary information at a much lower cost and greater speed. Sampling Involves measuring 
only a portion of the forest, allowing greater care in measurements, and often producing more reliable 
results than a complete Inventory. Samplii® units, from which estimates are obtained for the entire popu- 
lation (entire forest area under consideration), may consist of stands, compartments, administrative 
units, fixed area plots, strips or sampling points. Various sampling designs can be employed depending 
on inventory objectives and on the total forest area to be inventoried. Basic sampling designs may be 
considered in the following categories: 

A. Probability Sampling 

1. simple random sampling 

2. stratified random sampling 

3. multistage sampling 

4. multiphase sampling 

5. sampling with varyii^ probabilities 

B, Non-random sampling 

1, selective sampling 

2, systematic sampling 

In probability sampling, the probability of selecting any sampling unit is known a priori. This probability 
is greater than zero and may be equal for all units at all times, or it may vary as sampling proceeds. In 
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non-random samplii^ the sampling units are not chosen by the laws of chance, but by personal judgement 
or systematically. Sampling on successive occasions is a means of determining changes which have taken 
place over a period of time and can employ any of the basic inventory designs. 

Aerial photography, the most common form of remote sensing, has been utilized in forest inventory for 
the past three decades. Inventory vvork can be carried out without the use of aerial photographs, but it is 
usually less efficient and restricts the inventory planner in designing his procedures. Aerial photography 
is currently used in the so-called two-stage inventory. The first stage is the photointerpretive stage in 
which a forest is pre stratified according to various timber volinne strata, or other parameters. In the 
second, or ground stage, various strata are sampled on the ground for detailed information. In addition 
to stratification, photo-interpretation and photogrammetrlc techniques have been developed which, in 
essence, let the forester sample the forest using the photographic images of the trees rather than the trees 
themselves on the grovmd. The photographs do not provide the same amount of detail or accuracy that is 
attainable in the field measurements; however, the advantages of speed and lower cost offset the approxi- 
mate nature of the estimates (e^ecially where highly accurate results are not essential). 

finageiy obtained from earth orbiting space vehicles (e. g. , Landsat-1, Slg^lab) demonstrated that its use 
further Increases the efficiency and cost effectiveness of forest Inventoiy, J. Nichols of the University of 
California, and P. Langley of Earth Satellite Corp, investigated Landsat-1 multlspectral scanner Im^eiy 
in a multistage sampling system. In both experiments, a gain in sampling precision was obtained by using 
Landsat data in the first stage, as compared with not using any supplementaiy data in the first st^e. The 
Timber Inventoiy application development mission will combine the preliminary work done by Landsat 
investigators with other up-to-date technological developments to arrive at the most efficient operational 
scheme to improve the current periodic timber Inventory, 

The objective of the Timber Inventory mission is to estimate the amount (volume) and quality of commercial 
timber in the United States. To accomplish this, stands of trees (comprising larger forest units) will be 
located and their boundaries determined. Also, parameters necessary for estimation of timber volume 
per acre will be obtained. These parameters will include the crown diameter and the average crown 
closure, which are closely related to the tree stem diameter, and volume per acre, respectively. 

The area within the United States to be inventoried amounts to about 300 million hectares (750 million acres), 
two thirds of which is considered to be of commercial value, with the majority of the forested areas con- 
taining commercial timber located in the eastern half of the U. S. 

The desired frequency of inventory as currently defined by the U. S. Forest Service for its various regions 
is given in Table 3-6 below. 
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TABLE 3-6. INVENTORY FREQUENCY IN MAJOR REGIONS OF THE O, S. 


REGION 

FREQUENCY 

SOUTH AND SOUTHEAST 

8 YEARS 

ALASKA AND HAW An 

15 YEARS 

ALL OTHER AREAS 

10 YEARS 


Due to consistently inadequate budget appropriated by Congress co the US Forest Service, these goals have 
not been ftilfilled. With sharply Increased demand for timber products an J the requirements of the Forest 
and Rangeland Renewable Resources Planning Act of 197i, the inventory frequency will have to be reduced 
to 5 years. 

3. 3,2 USER COMMUNITY AND BENEFIT MECHANISM 

Forest inventory is a continuing endeavor as mandated by the McSweeney-McNary Forest Research Act of 
1928, This Act directs the Secretary of Agriculture to cooperate with States and other agencies, 

", , . in making and keeping current a comprehensive survey of the 
present and prospective requirements for timber and other forest 
products in the United States, and of timber si^plies, including a 
determination of the present and potential productivity of forest 
land therein, and of such other facts as may be necessary in the 
determination of ways and means to balance the timber budget 
of the United States, , . " 

Its objective is to periodically inventory the Nation's forest lands to determine their extent, condition, and 
volumes of timber, growth and depletions. This kind of up to date information is essential to frame intelli- 
gent forest policies and programs, USDA Forest Service regional experiment stations are responsible for 
conducting forest inventories and publishing summary reports for individual states. 

Forest inventory is important in the private forest industry sector for evaluating sources of raw materials 
and for detecting trends in forest resource availability. The inventory information is useful for long-range 
planning decisions, and for industrial investment allocation decisions. It is also essential for state govern- 
ments and private industry in Identifying opportunities for economic development of the states based on 
forest resources. 

As a general rule individuals or organizations that own, use, or regulate the use of a particular resource 
have an active interest in the most current information about that resource. This holds true in the area 
of forest resources, where the source of information about the resource is the periodic forest Inventory. 
Following this rule, users of forest inventory information can be divided into three major categories: 

1. Federal government 

2. State and local government 

3. Private owners and users. 




The single largest user of forest Inventory information is the USDA - Forest Service, In addition, the 
USFS conducts research on all phases of forest management and utilization, and assists state and private 
owners in achieving tiieir management goals. Figure 3-12 gives a summary of the major activities of 
USFS with some recent statistics on various forest resources. Most of the activities listed require a 
considerable amount of information supplied as a result of forest inventory. 

Other Federal agencies such as the Bureau of Land Management, and Bureau of Indian Affairs require 
forest inventory for management of forest land under their jurisdiction. 

Second in line, bi^ not necessarily in importance, are the users on state and local government level. Their 
share in ownership of forest land is small, however, most of their resources are quite heavily utilized. 

This requires sound management planning, and therefore periodic inventory. In addition to this, forest 
Inventory information is essential for state and local governments in Identifying opportunities for economic 
development of the states or regions based on forest resources. 

The last group of users is in the private sector of our society, and it Includes forest related industries, 
farmers and non-governmental owners. Most of the forest land belonging to, or utilized by wood-producing 
industries is under Intense management. Goals here are to produce the most wood of desirable quality in 
the shortest possible time. To attain this goal, forest land has to be inventoried periodically. For manage- 
ment of specific tracts of land, the demand is for detailed point-specific information currently stgiplied by 
consulting companies. 

Over half of the Nation's forest lands are owned by several million nonindustrial private owners — farmers, 
businessmen, power companies, and numerous other occipatlonal groups. These owners have many 
objectives in owning forest lands, and varying willingness and capacity to invest funds in timber growing. 

A small percentage of these owners consider timber growing as their principal objective. Most of the land 
owned by these owners is in small tracts (74:% in holdings of under 2, 000 hectares or 5, 000 acres). The 
need for forest inventory in this part of the private sector is not as urgent as it is in the forest industry. 
However, growing concern about future timber sig)ply might encourage more intensive forestry on private 
lands, and therefore, Increase the need for forest inventory, 

A periodic forest inventory allows forest managers to make evaluations of present and future timber si^- 
plies, and to make comparisons with the projected demand for these stg)plie5. Such evaluations are essen- 
tial to forecast sigiply problems in the wood-using industries, and to allow for any necessary changes in 
forest policies and programs. Forests are a slow growing renewable resource, however the demand for 
timber is changing rather r^idly. The demand for Industrial timber products in the United States increased 
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Figure 3-12, Major Activittes of the tBFS, from: What the Forest Service Does . Oct. 1973 
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by about 70% In the past 25 years. Figure 3-13 gives an indication of 
present and future timber consumption. Even more rapid are the recent 
changes in demand for recreational uses of forest areas and for manage- 
ment of forest cover for watersheds (essential to our growing population), 
Also, when considering forest lands, one should not overlook the wildlife 
habitat, and the preservation of scenic values. This so called multiple- 
use management of forest lands puts additional constraints on traditional 
timber production and harvest practices, and at the same time elevates 
the importance of timely and accurate inventory. 

A well conducted Inventory should provide basic inputs necessary for 
appraising the effectiveness of existing forest management programs, 
and to indicate opportunities for economic development of timber 
resources. Since timber products make up almost 20% of all industrial 
raw materials consumed in the United States, the information on our 
timber situation has far reaching economic and environmental import- 
ance. The timber indusiiry employs millions of workers; many of them 
in rural areas and cities where timber is the principal support of the 
local economy. Concern over prospective depletion of mineral 
resources which are nonrenewable, and the higher energy require- 
ments resulting from use of nontimber resources (in place of wood 
products), also emphasize the increasing importance of timber in 
our economy. 



IfiSS 19S0 2030 


Figure 3-13. Present Timber Con- 
sumption and a Pro- 
jection for the Year 
2,000 


Figure 3-14 shows trends in the U. S. import - 
export balance. The graph indicates that since the 
early 1900's our country has been gradually chang- 
ing from a net exporting country to a net importer. 
(By 1950 the United States was dependent on foreign 
sources for about 10% of all timber products con- 
sumed). It is expected that a more mtensive 
management of our forest lands will improve the 
import-export balance, and therefore Improve the 
overall balance of trade for the U. S. 



Figure 3-14. U. S. Timber Import-Export Balances 
(1900 - 1970) 
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3. 3. 3 JUSTIFICATION FOR SHUTTLE PROGRAM 

A fully operational remote sensing program for the Timber Volume Inventory mission for the United States 
is expected to encompass a variety of remote sensing platforms. These platforms will include; low orbit 
sun synchronous polar spacecraft (such as Landsat), Space Shuttle sortie flights, high altitude aircraft, 
and ground based survey teams. Previous TERSSE reports (TERSSE Final Report Volumes 3 and 5) dis- 
cussed the potential and role of the various platforms in a total operational remote sensing system. This 
report addresses the use of the Space Shuttle in its sortie flight mode as an integral part of this multi- 
platform system. 


The Shuttle provides a unique platform for a major element in the Timber Volume Inventory mission because 
of its ability to carry a comprehensive complement of sensors, including photographic cameras. The Shuttle 
is, in fact, the only vehicle currently contemplated through the 1980's which provides for the return of 
photographic film. 

Other benefits accruing to the mission which result from incorporation of the Shuttle into the program follow 
directly from the Shuttle's capabilities; 

• The flexibility for scheduling Shuttle flights and orbits as a function of coverage desired. 

• The lower altitude and higher resolution capability of Shuttle sensors than is available on polar 
spacecraft of the IjANDSAT type. 

As with nearly all Application Development type missions, there is no overwhelming mission requirement 
for the Timber Volume Diventory mission that irrefutably demands usage of the Space Shuttle. Most, if not 
all, of the mission requirements could conceivably be met through a combination of polar spacecraft and 
high altitude aircraft. The real question is: "What combination of remote sensing platforms can most 
efficiently satisfy the mission requirements?" Because of the large area to be covered (relatively In fre- 
quency) and the need for high resolution, the Space Shuttle has a definite role in the Tiiriber Volume Inven- 
tory mission. 

3.3.4 SENSOR REQUIREMENTS 

The remote sensors required for this mission include both a high resolution camera and a multi-spectral 
electronic scanner. As shown in &ction 4-1, the selected Shuttle-borne sensors for the Timber Inventory 
Application Development are the Thematic Mappers and the S190B high resolution camera. 

3. 3. 5 FLIGHT PROGRAM 

Figure 3-15 shows the location Of candidate Timber Inventory Application Development test forests. The 
five selected sites are currently well surveyed, and represent a comprehensive and representative sample 
of the various forest types found in the U. S. 
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Figure 3-15. Candidate Test Forests for the Timber Volume Inventory Mission 


Flight scheduling for the Timber Volume Inventory mission requires flights duri^ the April to October 
time frame for deciduous forests; however, there is no critical timing requirements for coniferous stands. 

Data from the Shuttle sensors will be analyzed and used to direct aircraft overflights and ground survey 
parties (as discussed below), thus resulting in a total operational system. 


3. 3. e DATA PROCESSING AND ANALYSIS 

Data from the thematic mappers wlU be subjected to "standard" preprocessing to perform radiometric 
and geometidc corrections. 


Subsequent data analysis is Intended to satisfy the needs of the Multistage Probabilistic Sampling Strategy; 
for the Timber Volume Inventory mission, a four stage sampling strategy will be used; 

1. Classify observed timberlands into volume strata using thematic mapper data and select sampling 
sites for each stratum to be used in the second st^e. 

2. Use photo-interpretive techniques on the S190B photography to establish initial estimates of timber 
volume and select samplii^ sites for the third stage (a subset of those previously established). 

3. Fly aircraft missions to gather large scale photographs over the second-level sampling sites. Use 
photointerpretive techniques to refine initial volume estimates and select sample sites for detailed 
measurement by ground crews. 
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4. Make measuremeDts on selected trees in the third-stage sample sites using "classical" timber 
volume measurements from the ground. 

Prom the groimd measurements on selected trees in the fourth stage, a further refining of the timber 
volume estimate established in the second stage can be performed. This then establishes a volumetric 
figure for each stratum defined in the first stage. As a result of this (volume estimates in each stratum), 
the total volume in the areas overflown may be determined by statistically aggregating the sample data 
back through the stratum. 

For operational purposes, an additional stage may be added prior to the analysis of Shuttle sensor data, 
utilizing polar spacecraft multlspectral scanner data to perform the initial stratum classification. In this 
case thematic mapper data gathered by the Shuttle will be used to siqiplement polar spacecraft data, and 
the succeeding four stages will remain the same. 

A more complete discussion of multistage probabilistic sampling is contained In Appendix A of this report. 

Photographic Interpretation is widely used in forest inventory. Determination of forest types and tree 
species is an essential part of forest inventory and can be accomplished successfully by photoiriterpretation. 
Basic image characteristics of sh^e, size, pattern, shadow, tone, and texture vary for different kinds of 
trees and can therefore be used by interpreters to aid in identification of tree species. Individual tree 
species have their own characteristic size and crown sh^e. The arrangement of tree crowns produces 
a stand pattern that is quite distinct for many species. Tree shadows often provide a profile image of 
trees and can assist in species identification and also in tree height determination. Variations in relative 
tone and crown texture are also important in species Identification. 

Tree crown diameter, which for most species is related to stem diameter, is a useful photographic measure- 
ment when estimating tree volumes. Actual determination of crown diameter is a distance measurement, 
and is accomplished on aerial photographs with either wedges or dbt-(^e scales reading In thousandths of 
an inch. For example, at a scale of 1:20, 000, 0. 036 of an inch of crown measure on the aerial photo equals 
about 60 feet. Crown diameter measurements are most accurate in open-grown stands. In dense stands 
they are confined to determination of an average of the dominant trees. Crowns can generally be classified 
by 5 foot classes on photographs with scale between 1;15, 000 and 1;20, 000, Tree cro\vn closure, important 
because of its relation to stand volume per acre, is also referred to as crown density and may be defined 
as the proportion of the forest canopy occupied by trees. Estimates are purely ocular, and stands are 
commonly grotqied into 10 percent density classes. Evaluation of crown closure is much more subjective 
than the determination of crown diameter. It is almost impossible on small-scale photographs, and its 
accuracy is highly dependent on the interpreter's judgment. 
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A conventional Inventory confllders the following parameters! diameter of bole or crown, species, density 
(percentage of area occupied by trees or degree of crown closure), height (merchantable or total), and age 
and overall condition of the stand. The above items can he estimated from high-resolution aerial photo- 
grafdis. Figure 3-16 gives a pictorial representation of ground and aerial measurements. The most widelj-^ 
used photographic measurements are the crown diameter which is related to the stem diameter, and crown 
closure, related to timber volume per acre. Tree height can he estimated by differential parallax mea- 
surements on sterescoplc pairs of aerial photographs. 

The remaining parameters of interest (tree quality, growth rate and site quality) are obtained by measure- 
ments on the ground, and to a Limited extent by observations on aerial photographs. Tree qualify expresses 
the percentage of crooked, damaged, or diseased trees that will affect yield. Tree growth rate is estimated 
by comparing measurements of diameter or volume at different points in time. Site quality is inferred from 
tree size, volume per unit area, soil type and other factors. 

Table 3-7 contains a list of the most frequently used information elements in forest inventory, and the 
accuracies currently required by US Forest Service for inventory of National Forests. 

GROUNO PHOTO 

MEASUREMENT MEASUREMENT 



Figure 3-16. Pictorial Representation of Ground and Aerial Measurements 
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TABLE 3-7. TIMBER INVENTORY INFORMATION ELEMENTS FOR INVENTORY OF 
NATIONAL FORESTS 


INFORMATION ELEMENT 

USE 

ACCURACY REQUIREMENTS 

LOCATE AND MAP TIMBER 
stand BOUNDARIES 

DETERMINE ACREAGE OF NATIONAL 
FORESTS BY STANDARD TIMBER 
LAND USE CLASSIFICATION 

± 50 FEET OF ACTUAL 
LOCATION; MIN. SIZE -10 
ACRES 

LOCATE AND MAP STAND 
BOUNDARIES BY FOREST 
TYPE 

DETERMINE STAND AREA BY FOREST 
TYPE 

BOUNDARY -± 50 FT. OF 
ACTUAL: MIN, SIZE - 10 
ACRES; ± 1% FOR TOTAL 
AREA 

STAND CONDITION AS TO 
STEM BASAL AREA PER 
ACRE OF TREES BY AGE 
AND SPECIES GROUPINGS 

DETERMINE CURRENT STAND CON- 
DITIONS IN ORDER TO DEVELOP THE 
MANAGEMENT TREATMENTS RE- 
QUIRED ON ALL COMMERCIAL 
FOREST LAND 

IDENTIFICATION OF SPECIES 
and AGE GROUPING - 95%; 
SQ. FT. STEM BASAL AREA 
PER ACRE ± 57o 

CUBIC FOOT VOLUME BY 
SPECIES IN EACH TIMBER 

stand 

DETERMINATION OF EACH NATIONAL 
FOREST'S POTENTIAL YIELD OF 
WOOD PRODUCTS 

STAND VOLUME ± 10%; BY 
INDIVIDUAL SPECIES ± 20% 


3.3.7 data DISSEMINATBDN 

The final data products from this mission will be a set of information describing the current timber Inven- 
tory in the selected forests. Such information will consist of timber voliune estimates broken down by 
ownership, stand size class, and species. Since inventory will be performed on regional level, the inven- 
tory information will be initially published by U, S, Forest Service Regional Experiment Stations: Figure 
3-17 shows the information flow process. The smallest unit for which information will be available is a 
county. All the information will be in tabular form. Examples are shown in Table 3-8, 3-9, and 3-10, 


Once compiled, the inventory statistics will be available to all the interested federal, state, and local 
agencies, as well as to representatives of the private sector (industries, farmers, etc. ). In addition to 
various publications, the USPS offers consultations and special seminars to interested parties. 

Upon completion of timber inventory for all the regions, a combined (summary) report will be issued con- 
taining timber inventory for all the regions within the United States. The breakdown of statistics is similar 
to what appears in regional reports, however, the reporting unit is now a single state, noi a count\'. 

Tables 3-11 and 3-12 are examples of what information should be contained in a combined national report. 
This information is also available to all the interested parties In the private and public sectors of our 
society. 

On the regional level timber inventory information shoifld be available within 6 months from the time of 
data collection. The nationwide report should be available within 6 months from the time that all tiie 
regional reports are completed. 
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Figure 3-17. Forest Inventory Information Flow 

TABLE 3^8. AREA OF GOMMEReiAL FOREST LAND, BY STAND-VOLUME AND OWNERSHIP 
GLASSES, FIjOHIDA, 1970 


fy': 


i 


V-.- 

f 


Stand volume per acre’ 

Alt 

ownerships 

National 

Forest 

Other 

public 

Forest 

Industry 

Farmer 
:and mlsc. 
private 

Less than 1,800 bd. tL 

10il3S;l 

• • • Thousand aertt • • - • • 
SM.7 706.1 S.1S8J 

5.1155 

iMo to 5.000 bd. ft. 

4,224.8 

932 ;l 

288.7 

1.374.4 

22305 

More than 5,000 bd. It. 

1.CT1.7 

147.5 

117.4 

883.3 

0235 

All Classes 


1;03S4 

1410.2 

5.216.5 

B.86B5 


^Intcmatl'jnal l/4>lzich rule. 


The update frequency varies from section to section as indicated in Table 3-6, Areas containing fast 
growing timber receive more attention, and therefore a more frequent inventory. 
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TABLE 3-9. NET VOLUME OF GROWING STOCK AND BAWTIMBER ON COMMERCIAL FOREST 
LAND, BY OWNERSHIP CLASS AND SPECIES GROUP, EASTERN OZARKS, 
MISSOURI, 1972 


GBOUING STOCK 


Ownership claso 

$ AU 

s soeeles 

i Shortleaf 
: cine 

i Other 
t softwoods 

: Soft 

: hardwoods 

: Hard 

: hardwoods 

■ 


Thousand 

cords 



KsClonal Forest 

7,969.0 

1,706.2 

3.2 

178.3 

6.081.3 

Ocher federal 

61.9 

2.9 

— 

1.7 

56.9 

SCBte, county ond Duaiclpol 

1,190.6 

100.0 

9.0 

26.5 

1,057.1 

Forest industry 
Faraer and Blscellaneous 

1,680.0 

221.1 


36.7 

1,422.2 

private 

17,166.5 

1,073.1 

96.8 

766.6 

15,208.2 

All ownerships 

28,065.6 

3,103.3 

109.0 

1,007.6 

23,825.7 



SAWTTMBER 





Hilllon board feoti/ 



National Forest 

1,661.7 

512.3 

.2 

33.6 

1.095.8 

Ocher federal 

12.7 

1.2 


.6 

11.1 

Scntc» county, and siunlcipal 

261.6 

23.9 

1.2 

— 

216.5 

Forest Industry 
Famer and taiscellaneous 

308.3 

29.7 


4.0 

276.6 

privote 

3,082.2 

251.3 

18.9 

166.2 

2,665.8 

All ownerships 

5,286.5 

818.6 

20,3 

204.0 

6,263.8 


Internaclonal 1/4-lnch rulo. 


TABLE 3-10, AREA OP COMMERCIAL FOREST LAND, BY STAND-VOLUME AND OWNERSHIP 
CLASS, EASTERN OZARKS, MISSOURI, 1972 


(Thotisand acres) 


Stand vdlLme 
per acreA/ 
(board feet) 

* All 

* ownerships 

National * 
Forest * 

Other 

federal 

Scete, county: 
and ; 

munieloal i 

Forest • 
industry* 

Faroer and 
miscellaneous 
orlvate 

Lees chan 1*500 

2,612.1 

275.6 

3.1 

87.7 

195.6 

1,850.3 

1,500 to 5,000 

1,505.6 

659.3 

2.7 

67.2 

111.9 

866.3 

Hore thon 5|000 

166.5 . 

135.1 

— 

7.9 

— 

23.5 

All classeo 

6,086.0 

870.0 

5.8 

162.8 

307.3 

2,738.1 


1/ InCernoclonal I/^-lnch mo. 
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TABLE 3-11, AREA OF COMMERCIAL TIMBERLAND IN THE UNITED STATES, BY 
OWNERSHIP AND STAND-SIZE CLASS, SECTION, REGBON, AND 
STATE, JANUARY, 1970 


ITboiisand fitrea] 


Oestlcn« rc8(oa» vul SUto 

Total, all ownerahlpa | 

National lorcst 

Total 

Gowtimber 

otaada 

'aletitnber 

otaada 

Seedling 

sapUhg 

Venstoebed 

areas 

Total 

Satftlmbet 

stands 

Potetltnbet 

stands 

Seedling 

ospUng 

'koostoekod 

areas 













%109 

356 

1.163 

583 

49 

0 

0 

0 

0 

0 



6,142 

6,339 

5,269 

143 

37 

10 

15 

3' 
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TABLE 3-12. AREA OF COMMERCIAL TIMBEHLAND IN THE UNITED STATES, BY 
OWNERSHIP AND STAND-VOLUME CLASS, SECTION, REGION, AND 
STATE, JANUARY, 1970 
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3.4 MINERAL EXPI/3RATI0N StlHVEY 


The Mineral Exploration Survey mission is one of three missions discussed in this report which are 
representative of using the Space Shuttle sortie flights in the Application Development role. 

3.4. 1 BACKGROUND AND MBSION DESCRIPTION 

The mineral exploration mission will involve a detailed and comprehensive multi-sensor effort designed 
to detect geologic evidence of commercial grades and quantities of copper bearing ores (ore being defined 
as mineral aggregates from which resources can be profitably extracted). Althou^ the Mineral Exploration 
Survey mission is really much broader than just the search for copper, it was desirable for this study to 
constrain the mission scope in order to be able to provide more specific requirements and descriptions. 
When the mission is actually implemented the scope can be e^qianded, with little impact, to include: other 
metallic minerals, petrochemicals, geothermal resources, and the reconnaissance of geologically active 
areas. 


The rationale for selection of copper exploration as the narrow mission for focusing this study can be 
summarized as follotrs; 

• considered to be a scarce metal resource 

• strategic/industrial importance 

• U.S. consumption exceeds U.S. production 

• can be profitably mined from concentrations as low as 0. 5 % 

• demonstrated feasibility for remote sensor exploration (both aircraft and satellite) 

Copper minerals are widely distributed throughout the Earth's crust. Mineable concentrations are often 
sedimentary in origin, occur as veins or associated with contact metamorphism. Commercially signifi- 
cant concentrations can be classified into five major types of which the first three are most significant; 

1. Porphyry, vein and replacement deposits, which have a common genetic association with felsic 
intrusive rocks, and account for approximately two thirds of fiiC world’s recoverable copper 
resources. 

2. Sedimentary deposits, which comprise 25% of the known reserves. 

3. Volcanic rocks and massive sulfide deposits, which comprise another 5% of the known reserves, 

4. Nickel - copper ores related to mafic intrusives (formed by magmatic processes). 

5. Native copper ores (Keweenaw type) 

While vein deposits are rich (they may exceed 10% copper) they are generally small and not amenable to 
economic exploitation by large scale mining techniques. Copper production from relatively rich vein 
deposits has declined markedly, advanced mining technology and bulk processing capabilities have made 
it feasible to extract the metal from low grade (less than two percent copper) massive sulfide deposits 
(t 3 rpe 3), resulting from hydrothermal alteration. These porphyry copper deposits (type 1) are commonly 
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characterized by disseminated copper sulfide minerals (usually chalcopyrite) which may be associated 
with copper oxide minerals and uniformly distributed throughout the ore body. Despite the low concen- 
tration of copper, its even distribution throughout the rock makes it possible to utilize large volume 
(e.g. open pit) mining techniques and thus affect profitable recovery. The deposits are associated with 
silicic igneous intrusions having a characteristic "porphyritic" texture (large quartz or feldspar crystals 
set in a fine grained matrix) and are commonly shattered, sheared and faulted. These fractured zones 
enable mineralizing fluids to thoroughly permeate the intrusion and/or the surrounding country rock, and 
emplace the massive sul&de minerals. Shattering is thought to result from the force of the intrusion and 
accompanying volcanism. It has been found that porphyry copper deposits are commonly found associated 
with volcanic terrains less than 170 million years old. 

A recent study analyzed the geological characteristics of 27 major porphyry deposits, and concluded that 
the "average" deposit has the following characteristics: 

This hypothetical ore body is oval and pipe-like, it measures 3, 500 by 6,000 feet in plane and it 
contains 150 million tons of ore averaging 0, 8 percent copper and 0. 15 percent molybdenum. 

Ore below the zone of secondary enrichment contains on the average only 0.45 percent copper. 

On the average 70 percent of the ore body is in the intrusion, and 30 percent is in the country 
rock. Sulfide minerals in descending order of abundance are pyrite, chalcopyrite, molybdenite, 
and bomite. Supergene sulfides may form a higher grade zone of secondary enrichment. 

The primary goal of the mission is to locate ore bodies of copper (primarily porphyry deposits due to 
their large size ), out not excluding stratiform (sedimentary sulfide) and vein deposits, in order to 
satisfy current and projected national needs and decrease dependence on foreign sources. This will 
be accomplished by detecting and analyzing surface indicators of ore emplacement, including stressed 
vegetation, characteristic lithologic associations, zones of geochemical alteration (e.g. gossans) and 
tonal anomalies, lineament concentrations and intersections, and structural setting. These types of 
geologic indicators have been used successfully in previous mineral exploration missions. 

Exploration for mineral deposits has been conducted primarily by conventional ground based field tech- 
niques, supplemented in many instances by aerial photography and, more recently, satellite imagery. 

Ground based mineral surveys utilize modem mineral prospecting methods of two basic types: geo- 
chemical or geophysical techniques. Their sophistication ranges from individually employed basic 
mapping tools and hand held ore detectors to elaborately outfitted field crews with "black box" 
technology and the experience and backing of major mineral procedures. Both the geochemical and 
geophysical exploration approaches are used in conjunction with basic geologic mapping and sampling 
techniques discussed in numerous basic geology texts and procedures manuals, to addition, information 
supplemental to the basic exploration approaches is gathered from any available source (e.g., geo- 
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botanical evidence, cultural enhancement, previous research, regional geologic framework). In many 
cases, certain mineral associations enable investigators to locate concentrations of desired minerals 
through their occurrence with minerals of lesser value which are more easily detectable. For example, 
placer deposits containing gold and a radioactive mineral (e.g. , monazite) may he found using a radiation 
counter; ultraviolet light sources can detect flourescent calcite, garite or flourite, a possible indicator 
of nearby metallic minerals. 

Other indicators found useful in the exploration of new mineral deposits include unusual discoloration in 
the surface material overlying the ore body. These tonal anomalies may result from weathering and 
oxidation, secondary enrichment or depietion, or the formation of characteristic minerai compounds. 
Gossans (ferruginous deposits filling the upper parts of mineral veins) and brightly colored secondary 
minerals caused by the oxidation of copper, nickel, cobalt, etc, may also contribute to the unusual and 
frequently diagnosable surface phenomena. 

When mineral deposits are not exposed or evident at the surface, more sophisticated techniques must be 
employed to locate them beneath an overburden of soil or rack strata. Geochemical prospecting Involves 
the systematic measurement of the chemical properties of rock, soil, glacial debris, sediment, water 
or vegetation. Chemical properties most frequently measured are concentrations of key "trace" 
elements, making up geochemical anomalies which are classified as primary or secondary. Primary 
anomalies result from the outward dispersion of elements from mineralizing fluids, and may migrate 
significant distances away from the ore bodies along fractures or through conduits within the rockmass. 
These "halos" are several times larger than the ore body itself, making them useful exploration guides. 
Secondary anomalies result from the redistribution of elements by weathering. Elements weathered 
from an ore body may concentrate in residual soils, or may be concentrated by organisms (especially 
plants and trees). As weathering products are dispersed throughout a drainage basin, the location of 
a mineral deposit within the basin may be accomplished by measuring trace element concentrations in 
the streams and sediments, and plotting these concentrations back to the source area. Geochemical 
prospecting employs wet chemical techniques involving chemical tests for heavy metals, (either in field 
or laboratory) or instrument techniques, involving emission or x-ray spectrographs, and radioactivation 
analysis. 

Geophysical prospecting techniques can be divided mto five basic methods which have been successfiilly 
employed in mineral exploration: 

• Magnetic • radiometric 

e gravimetric • seismic 

• electrical 
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Most commonly employed are magnetic and radiometric surveys because they are relatively simple and 
unexpensive. Magnetic surveys measure the regional and local magnetic fields within an area, as well as 
deviations in the fields caused by concentrations of certain rock types. In this manner, concealed rock 
formations may be detected because their average magnetic properties differ from the regional norm. 
Magnetic fields are measured with "dip" needles or more sophisticated magnetometers. Radiometi-ic 
methods are well known, involving the search for naturally radioactive elements such as Uranium using 
geiger and scintillation counters. Once the radioactive rock is located, chemical methods must be 
employed to determine the elements causing the radioactivity. 

Surface or "conventional" mineral exploration techniques are normally carried out at two levels - the 
surface geologic mapping and terrain analysis, and a second sub-surface approach, consisting of direct 
data collection (e.g. , drilling or removal of overburden) or indirect data collection (e.g. , seismic 
reflection or refraction surveys). In recent years, techniques have been developed tor collecting in- 
formation by remote sensors, which provide information over large regions with timeliness and sub- 
stantial cost effectiveness. Aerial photographs and multispectral imagery are commonly used to supple- 
ment ground based mineral exploration surveys, and have as their main advantage the ability to "target" 
likely exploration sites using criteria to be discussed In a later section. 

A logical extension of the regional overview provided by aircraft sensors is to satellite imagery, and 
data returned from Landsat, Skylab, Gemini and various meteorological satellites have demonstrated 
the feasibility of earth resources management and exploration from space. Figure 3-18 illustrates the 
different levels of exploration techniques utilized in mineral exploration. 

Two major trends can be recognized in the application of remote sensing to mineral exploration: a 
continual improvement of sensors and data interpretation techniques, and an increasingly larger reliance 
on remotely sensed data to reduce surface exploration to a minimum. As sensor technology improves, 
and as the costs of maintaining field parties and equipment continue to grow, these trends are likely to 
continue. 

With available technology, the role of remote sensing is still supportive, and must be considered in the 
context of integrated exploration programs which utilize data from sensors mounted in aircraft, rockets 
and spacecraft, in combination with information from field studies concerned with ground truth re- 
connaissance and with detailed follow-up investigations. 
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Figure 3-18. Mineral Exploration Methods 


A major factor in the exploration for new mineral reserves is that most of the deposits in accessible 
regions of the world which are close to or at the surface have already been exploited. Thus, new deposits 
required to satisfy present and projected needs must be sought in areas which are largely inaccessible, 
through geographic remoteness or substantial surface cover. The geographically remote areas can be 
effectively surveyed by remote sensors, at least on a reconnaissance level. As an extension of this 
"aerial" overview, investigators have found imagery taken from orbital altitudes to have advantages over 
the aircraft data, since the space photographs (or images) provide unsegmented ssmoptic overview of 
large areas under uniform sun angle and illumination. In addition, space photos are easily rectified to 
the true vertical position, and have served as base maps for minerals investigators. 
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Sensors that are most usefiil to geologists are those that form Images-photography, multiband scanners, 
and side looking radar. The primary advantage of these systems is their regional overview, timeliness 
and minimal data processing requirements. A disadvantage is that the sensors have limited penetration 
through the surface cover, thus deposits at depth must be identified by indirect indicators at the surface. 


Those criteria found usehil for detecting mineral concentrations by remote sensing techniques include 
the following! 


structural associations 
“ lithologic associations 
lineament distribution 
surface alteration 
stressed vegetation 


textural features 
radioactivity 

magnetic gravity surveys 
geochemical methods 
temperature differences, including 
thermal inertia 


The primary goal of this mission is to locate new domestic supplies of copper resources in order to 
increase national indeptendence fcom unpredicatable foreign supplies. TO this end, the exploration effort 
will be limited to test sites within the continental United States and Alaska. It should be kept in mind 
that a similar mission could be carried out over foreign test sites, under similar geologic conditions, 
should such a mission be deemed appropriate. 


3.4.2 USER COMMUNITY AND BENEFIT MECHANISM 

With an increasing demand for energy and mineral resources brought about by a steadily industrializing 
world, rapid and cost-effective exploration techniques are required to insure that raw materials will be 
available when they are needed. In as much as the primary goal is to locate new domestic supplies of 
copper resources, the users of interest are the Federal and private organizations of the United States. 


Foreign users will be discussed only briefly since their exploration requirements are similar to those 
of domestic users, and since the primary goal of the mission is to provide a measure of mineral resource 
self sufficiency to the United States. It is anticipated that foreign users will benefit from this mission 
primarily through the export of copper ore or refined metal from newly discovered domestic reserves, 
although direct exploration over foreign test sites is feasible and an expanded version (global) of this 
mission would more directly benefit the foreign users. 

It has been reported (Cox et.al) that 70% of the world's identified copper resources fall into four distinct 
geologic-geographic groups. In decreasing importance they include the porphyry copper deposits of 
Chile and Peru, porphyry copper deposits of the southwestern United States, sedimentary copper deposits 
of Zaire and Zambia, and porphyry and sedimentary copper deposits within the U.S.S.R. Other signifi- 
cant groups include the Porphyry copper deposits in Oceania, Mexico and Western Canada, and the porphyry 
copper and sedimentary copper deposits in southeastern and central Europe. Estimated worldwide reserves 
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of copper resources are shown in Table 3-13. 
Domestic organizations concerned with the explora- 
tion for and development of copper and related 
mineral resources can be divided into two groups. 

In the first category are those agencies interested 
in discovering additional reserves and insuring an 
adequate supply for future needs. Hi the second 
are those organizations involved in developing the 
reserves and directly utilizing the metal or selling 
it to manufacturing Industries. The first group 
includes Federal Agencies such as the Department 
of the Interior and its functional arms such as the 
U.S. Geological Survey and U.S. Bureau of Mines, 
State and regional geologic Organizations and some 
private companies. 


TABLE 3-13. IDENTIFIED AND HYPOTHETICAL 


COPPER RESOURCES, IN MILLIONS 
OF SHORT TONS 


AREA 

njENTIFIED' 

HVPOTHETIGAL* 

UNITED ffTATES; 
EASTERN 

10 

5 

WESTERN. EXCEPr ALASKA 

04 

75 

ALASKA 

2 

20 

CANADA 

19 

SO 

MEXICO 

18 

20 

CErmiAL AMERICA 

1 

0 

ANTILLES 

2 

1 

SOUTH AMERICA 

80 

50 

EUROPE, EXCLUDING U.S.S.R. 

25 

20 

AFRICA 

53 

50 

U.S.S.R. 

39 

so 

MIDDLE EAST-SOUTH ASIA 

4 

20 

CHINA 

3 

? 

OCEANIA, INCLUDING JAPAN 

21 

30 

AUSTRALIA 

3 

3 

TOTAL 

344 

400 


IdenlJfied reaourcoBi Specific, EdcnUfici) mineral deposit.^ that may 
or may not be evaluntad ns to oxtcnl and grade and whose contained 
mtnerain may or may not be profitably recoverable wUh cxLsilng tech- 
nology and economic conditions. Boficd on all categories of reserve 
figures plus estimates where no flRures are nvailable, Amounla arc 
tentative and accuracy will be refined In subsequent publications. 

2 

Hypothetical resources: Undiscovered mlncrnl deposits, whether 
of recoverable or subeconomlc grade, that are geologically predict- 
able as existing In known dlfilricts. Based generally on Identified re- 
source figures times a factor assigned according to geologic favor- 
ability of the region, oxtent of geologic mapping, and exploration. 


These private companies are comprised mainly of exploration arms of major copper producers, and 
consulting engineering firms who provide mineral exploration services to clients. The second group 
is comprised of direct producers (of the metal) and manufacturers of various products. 

Federal and private users may be related on a contractual basis, where a consulting firm will conduct 
a specified research program for a federal user. Conversely, a federal agency can encourage private 
research by providing access to data or through direct financial support (e.g. the Mineral Exploration 
Assistance Program). 


The information derived from Shuttle and supplemental satellite sensors useful to a mineral exploration 
mission is made available to federal and private users. Federal agencies use the data to compile 
mineral reports, conduct research, and classify the mineral potential of federal lands. Private users 
will use the data to locate mineral resources; either directly (mineral & mining companies) or indirectly 
(academic research, or interpretations compiled by consultants for clients). In addition to Shuttle and 
satellite based inputs, conventional information sources, such as the published literature axe utilized. 
From this interchange and accumulation of data, the final test of a geological survey, namely drilling 
and sampling at specific locations, can be performed more quickly and with a greater chance of locating 
workable ore bodies. It is from this process that the primary economic benefit of the mission will be 
realized. 


I 

/ 
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3.4.3 JUSTIFICATION FOR THE SHUTTLE PROGRAM 

Use of the Space Shuttle as a remote sensing platform provides several advantages which apply to several 
different types of missions. Those directly applicable to the Mineral Exploration Survey mission ares 

1. The design of the Shuttle mission will be to complement rather than duplicate measurements 
which call be made by unmanned satellites. 

2. The Shuttle will he maneuverable, enabling investigators to obtain real-time measurements, 
and to alter the mission plan as appropriate in the light of data just received, 

3. The Shuttle system could provide a selectable real-time observation capability to receiving 
stations on the ground, via down-link communication channels. When a selected site is 
approached, real time monitors in the shuttle or in the ground station could scan the various 
imaging sensors and select the most appropriate combination for viewing the scene. 

4. The substantial payload capability will enable potential users to enjoy flexibility in employing 
a wide variety of sophisticated sensors. They will be accessible in fli^t for adjustment, 
calibration and repair, and available for post-mission inspection and evaluation. 

For earth surveys in general, observations of the earth's surface taken simultaneously with a variety 
of sensors can be compared to yield information useful to earth scientists and applicable to commercial 
activities such as prospecting, fishing, farming and transportation. The quality of the results of 
experiments carried out by Shuttle will be optionum since the investigators themselves will be on the 
scene to alter the mission experiment plan as necessary, combining user expertise with shuttle mission 
flexibility. 

The Shuttle characteristics will support the mission requirements for greater spatial resolution, stereo 
photographic coverage, and simultaneous use of different sensor systems. The synoptic regional over- 
view combined with high resolution imagery permitted by returnable camera systems will enable 
investigators to pin point subtle surface features indicative of mineral concentration. Further, the 
large payload capacity will permit a variety of sensors with adequate power facilities to be utilized. 

Since this mission Is designed to operate primarily over the U.S, , where regional geology has been fairly 
well defined, the existing regional information can be verified and improved by high resolution images 
from Shuttle. Acceptable resolution/area coverage trade-offs would be made for the specific missions 
(e.g. 3 meter resolution for a 50x50 kilometer area, or 20 meter resolution for 150x150 kilometer area). 
Smaller area higher resolution coverage would be more useful where lineament intersections or rock 
relationships are of interest. Larger area lower resolution coverage would be effective for exploring 
for surface color changes associated with massive iwrphvTv copper deposits. Whatever the resolution 
requirements, imagery should be calibrated and metrically correct, in order to facilitate the transfer 
of information onto base maps. Stereo side lap photography will facilitate the interpretation of geologic 
structure, perhaps providing an alternative to computer enhancement techniques. 
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For camera or seamier sensing systems, true color imagery is important for discriminating lithologies, 
especially in arid regions. Color infrared imagery is useful for enhancing vegetation and eoU types, as 
well as soil moisture content. 

Shuttle payload capabilities would make it possible to carry a scanner system with high resolution (ap- 
proximately 1/3 of that of Landsat) which would maintain a 59 km swath width. Besides the coverage in 
the . 45 to 2. 35 micron region (specific bands to be determined) a thermal channel could be included cover- 
ing the 10. 4 - 12. 5 micron band. 

3.4.4 SENSOR REQUIREMENTS 

The generic sensor types which are required for the mineral exploration mission are summarized below 
in Table 3-14. 


TABLE 3-14. GENERIC SENSOR REQUIREMENTS FOR MINERAL EXPLORATION 


REQUIREMENT 

PURPOSE 

1. OVERLAPPING PHOTOGRAPHS FOR 
STEREO VIEWING 

ACCURATE DETERMINATION OF LANDFORMS, 
TOPOGRAPHY 

2. 10^20m SPATIAL RESOLUTION 

ZMAGERY 

LOCATE SMALL ROCK OUTCROPS, UNEAMENT 
PATTERNS, SURFACE TONAL ANOMALIES 

3 . MSS SCANNER - . 45 to 2. 35 MICRONS 
- 10.4 to 12, 5 MICRONS 

(SPECIFIC BANDS TO BE DETERMINED 
SEE TEXT) 

SPECTRAL RESOLUTION AND ADVANCED INTER- 
PRETATIVE TECHNIQUES (E.G. ADDITIVE COLOR 
VIEWING, COMPUTER ENHANCEMENTS) TO; 
DISCRIMINATION OF GROSS ROCK TYPES, DE- 
LINEATION BETWEEN ALTERED AND UNALTERED 
ROCKS, BETWEEN ROCKS AND SURFICIAL 
COVER. 

4. CAMERA SYSTEM 

TRUE COLOR AND COLOR INFRARED TO DETECT 
SURFACE TONES, TYPES OF GEOCHEMICAL 
PROCESSES 

5. IMAGING RADAR (LATER) 

CLOUD AND VEGETATION PENETRATION, TO 
DETECT SURFACE "ROUGHNESS" AND LINEA- 
MENTS 

6 . ILLU MINATION REQUIREMENTS 


- LOW SUN ANGLE 

TO EMPHASIZE LINEAMENTS BY SHADOW EFFECT 

- HIGH SUN ANGLE 

TO EMPHASIZE TONAL DIFFERENCES AND 
MINIMIZE OBSCURING EFFECT OF SHADOWS 

7. INFORMATION GRID SIZE 

50 METERS 
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Color photography is of considerable value, especially for detecting color anomalies, e.g. geochemical 
alteration. The color photography has excellent information capacity, and hi^ reliability. Thermal 
infra-red imagery readily identifies thermal features, but can be poor in analyzing subtle geological 
phenomena. The recognition of thermal features may indicate near surface igneous intrusions or sulfide 
bodies which produce heat through oxidation. In regions where permafrost exists, the heat given off by 
oxidizing sulfide bodies may cause destruction of the permafrost near the deposit, a feature readilj 
detectable from orbital altitudes. Radar imaging can also be a usefiil tool for distinguishing lithologic 
units, as well as showing topography clearly, especially surface traces of fault systems. 

Requirements for the remote sensing mineral exploration mission developed during this study Included 
the following, as shown in Table 3-15. 

• Primary sensing technique - visual color imaging, metric quality desirable. 

• Supplementary sensing techniques - radar imaging 

• Alternate sensing techniques - infra red imaging covering the spectrum between 3 to 4, 2 
microns and 8 to 12 microns. Passive microwave imaging and absorption spectrophotometry. 

The geological objectives include production of basic small-scale geologic maps at two scales 
(1:10,000 and 1*250,000) in order to complete and up-date existing map series. The sensing techniques 
with greatest applicability for geology are visual imaging, with metric quality desired for fiie geologic 
mapping objectives. Ground resolution requirements range from 6 to 30 m desired and 30 to 120 m 
acceptable. The most stringent resolution requirement comes from the 1*250, 000 mapping objective. 

Radar imaging has considerable potential for geologic applications as it tends to emphasize Important 
topographic and geologic features while suppressing effects of some non-geologic features. Ground 
resolution element requirements are similar to or slightly greater than those for visual imaging. 

Thermal IR imaging is useful for applications requiring information on the ground surface temperature 
distribution. The desired ground resolution is similar to that for radar imaging but ground resolutions 
of up to 300 m or even 3 km for volcano reconnaissance are considered acceptable. 

The frequency of observation requirements for the various geologic objectives are quite similar and in 
fact, for many objectives the same. Since geologic conditions are essentially static on any time scale 
considered in the normal course of events, the requirement is basically to obtain complete coverage of 
the areas of interest once. The time of year is generally selected as summer or autumn so that snow 
cover will be minimal, and there is some preference for the autumn end of this time period as native 
vegetation correlates in some instances with geologic composition of areas, and identification of some 
vegetation types is facilitated by the presence of autumn coloration. Also the detection of surface features 
may be easier in some areas when deciduous forests have lost their leaves. 
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TABLE 3-15. RECOMMENDED VALUES OF MEASUREMENT PARAMETERS 


MEASUREMENT PARAMETERS: 

USEFUL RANGE 

RECOMMENDED VALUES 

GROUND RESOLUTION: 


DESIRED (ACCEPTABLE) 

VISUAL (COLOR) IMAGING 

6-30m 

I00-450m 

6m (90m) 

RADAR IMAGING 

3 -30 m 
I00-450m 

30m (90m) 

THERMAL IR IMAGING 

3-30m 

100-450m 

30m (300m) 

PASSIVE MICROWAVE IMAGING 


30m (300m) 

THERMAL RESOLUTION: 

0. 5° C 


SUN ANGLE: 

30° and 60° 

20-40° and 
60-90° 


(LOW SUN ANGLE TO ENHANCE LINEAMENTS, 
HIGH SUN ANGLE TO ENHANCE SURFACE TONES) 

SWATH WIDTH: 

180km (BASED ON lOOm RESOLUTION) BUT MAY 
BE TRADED OFF FOR HIGHER RESOLUTION 

LOCATION TO BE OBSERVED: 

SOUTHWESTERN U. S. , 
KEWEENAWAN AREA. 

ALASKA, APPALACHIANS, 

observation SGHEDU LE : 

AT LEAST TWICE, ONCE JULY-OCTOBER 


AT EACH SUN ANGLE. 

PREFERABLY 


(POSSIBLY MORE IF THERMAL SEPTEMBER OR 
inertia MEASUREMENTS OCTOBER 


WANTED) 


RESPONSE TIME: 

NOT CRITICAL 



Sun angle plays an important role in tSt specification of visual imagery for geological applications. Low 
sun angles increase tlm visibility of ndnor topographic features because of shadowing whereas high sun 
angles are desirable for high-quality color photography from which compositional variations may be 
inferred. Accordingly, two Sun-angle ranges have been specified for the geology objectives, 20-40° 
and 60-90° . 


') ■ 
> 
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Single, vertical photographs are useful for recognizing or classifying specific features on the earth's 
surface; however, the single photo (or image) enables the viewer to perceive only two dimensions, length 
and width. Geologic mapping involves not only the spatial distribution of surface deposits, but actually 
the recognition of 3 dimensional geologic structures and how they are expressed at the surface. This 
expression may be manifest in two ways - landforms themselves, which may not expose rocks at the 
surface, but will influence local topography (such as domes, basins and folded strata) and actual rock 
and alluvium exposed at the surface through glaciation, lack of vegetation (e.g. arid climate) or erosion. 

In both cases the thij.d dimension of depth is required to accurately measure the shapes of the landforms, 
degree of erosion, or the angle at which rock strata "dip" beneath the surface cover. These measure- 
ments are critical in constructing both topo and geologic maps - topographic maps which rely on accurate 
land form analyses to measure elevations and the distribution of surface features, and geologic maps 
which rely on accurate measurements of the attitude of strata to infer the underlying structure, anrl 
interpret the geologic history of a region. 

In order to acquire the third dimension, the viewer must apply his natural "depth" perception ability. 
When objects greater than 450 to 600 meters away are viewed by unaided eyes, the special ability of depth 
perception is essentially lost. At such distances, lines -of-sight from each eye converge very little; in 
fact, they are practically parallel, as when the eyes are focused at infinity. If the human eye base (inter- 
pupillary distance) were increased from the normal 6. 5 cm. the perception of depth could be greatly 
increased. In a manner of speaking, this feat can be accomplished through aerial (or space) stereo 
photography. From an airplane in level flight, overlapping camera exposures are made at intervals of 
several thousand feet. When any two successive prints are viewed through a simple stereoscope, each 
eye "occupies" one of the widely separated camera stations. This "stretching" of the human eye base 
results in a greatly exaggerated three-dimensional photograph for study and interpretation. 

Stereo viewing is useful to the geologist for: 

• recognizing linears 

• defining direction and magnitude of dips 

• determining lithologies by their relative resistance to erosion 

• recognizing landforms 

• locating glacial deposits 

• assessing slope stability 

• determining tonal differences and their relative relief 
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Spatial requirements for the mineral exploration survey mission deemed necessary by most potential users 
are ten to twenty meter ground resolution and a minimum of 50x50 Mlometer aerial coverage. The ten 
or twenty meter spatial resolution is necessary for locating small rock outcrops, lineament patterns and 
surface tonal anomalies. Specific spectral requirements need to be determined. Candidate bands include: 

• Multispectral scanner 

. 45 - . SOjLi, Ferrons iron absorption. 

. 52 - . 56;i, Strong green absorbance of rocks with iron oxide stain; increased reflectance of rocks 
containing minerals with Ferrons iron. 

. 63 - . 68f:, Strong red reflectance of rocks with iron oxide strain, 

. 85 - . 90p, Ferric iron absorption band, 

1. 1 - 1. 35g, 1. 55 - 1.75g, 2, 05 - 2.35g, Best bands for separating altered versus unaltered rocks. 
10. 4 - 12. 5g, Bifferentiating soil and rock types using thermal inertia techniques. 

• Camera systems for high resolution stereo color and color IR, for detecting surface tones, 
vegetation type, and geochemical information. 

• Imaging radar - (SLAR) for cloud penetration, structural discrimination, drainage, lineaments, 
and "structural grain" or surface "roughness". 


Auxiliary data useful for supplementing the information provided by the sensor systems is primarily in 
the form of ground truth, published information, and test site familiarity (experience of the interpreter). 

3.4.5 FLIGHT PROGRAM 

lest sites to be evaluated in this survey include known copper-producing regions and adjacent areas to 
duly utilize existing ground truth and proven e.xploratory techniques in particular, the "copper belt" of 
the Southwestern United States, including large portions of Arizona, New Mexico, Utah and Colorado and 
smaller regions of Idaho and Wyoming (see Figure 3-19). The copper region is composed of "belts" 
trending roughly north-south, covering an area of approximately’ 27,000 square miles. The existence of 
proven copper mineralization in this area increases the likelihood that other deposits will be discovered 
under similar geologic conditions; thus they are considered to be high potential exploration targets. 

In addition to the prime exploration site in the southwestern and western U.S. , other exploration sites 
show copper mineralization potential. These areas can be characterized by igneous intrusions and 
metamorphic terrain, especially near lithologic contacts and where major lineaments are concentrated. 
Portions of southern Alaska and the Alaskan pan handle fall into this category, as does the Keweenawan 
Peninsula and adjacent territories surrounding the Great Lakes and extending into Canada, m addition, 
igneous and metamorphic portions of the southern and northern Appalachians fall into this group, in- 
cluding portions of Georgia, Alabama and Tennessee and northern New England. In total, areas of 
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potential copper mineralization which should be surveyed in this mission approach 78, 000 square kilometers. 
(30, 000 square miles). Their exact distribution are summarized In Figure 3-19 which also shows the 
locations of the selected test sites relative to the known locations of copper mineralization in the United 
States. 



^ = APPLiCATION DEVELOPMENT TEST SITE 


Figure 3-19. Known and PotentialU.S. Copper Deposits with Candidate Test Sites 


Analyzing specific data requirements as expressed by potential users yields the following constraints; 

1. Optimum information grid size desired by a majority of potential users for mineral 
resources information is 50 meters. 

2. Timeliness requirement (the interval between data collection and actual availability to the 
investigator) is between two to six months. For geologic phenomera, timeliness is not 

a critical concern. 

3. Update cycles requested most frequently are seasonal (quarterly) to take advantage of 
changes in vegetation and sun angle. In some investigations, the update cycle is yearly 
or one tinie only, due to the slow rate at which most geological processes take place. 

In addition, progressive changes in vegetation or seasonal snow cover, resulting from long term 
climate fluctuations may enhance the underlying terrain to different degrees, necessitating quarterly 
coverage over a series of years. Investigators in the Landsat program report that in many oases, each 
seasonal cycle contributes new information to a given study, and so continuing coverage is valuable 
even though actual terrain conditions remain relatively static. 


3.4. G DATA DISSEMINATION 

The formats in which data, obtained by the Shuttle Mineral Exploration Survey Mission, will serve the 
user community are varied. Products will include an overall report of the mission, containing specific 
information such as area covered, orbital parameters, sensors utilized and initial evaluation of the test 
sites. In addition to the report, overlay maps will be prepared containing pertinent geologic information 
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derived from ground truth and mission data, including surficial geology and known mining localities where 
possible. Timeliness is less critical in geology than in a field such as agriculture; barring artificial 
time constraints imposed through contracts or legislation. Two to six months timeliness should be 
sufficient for most mineral exploration applications. 

The information derived from Shuttle (primary) and supplemental satellite (secondary) sensors useful to 
a mineral exploration mission (geology, lineaments, surface alteration) is made available to federal and 
private users. The overall flow of information is shown in Figure 3-20. Federal agencies use the data to 
compile mineral reports, conduct pure research, and classify the mineral potential of federal lands. 
Private users will use the data to locate mineral resources; either directly (mineral & mining companies) 
or indirectly (academic research, or interpretations compiled by consultants for clients) . As additional 
inputs, conventional information sources, such as the published literature are utilized. 



Figure 3-20. Mineral Exploration Survey Information Flow 
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3.5 tIRBAN AND REGIOMAL PLANNING 

The Urban and Regional Planning mission is one of three missions discussed in this r^ort which are 
representative of using the Space Shuttle sortie flints in the Application Development role. 

3. 5.1 BACKGROUND AND MISSION DESCRIPTION 

The utilization of our land resources consists of several related activities; one of fliese activities, the 
planning for land utilization, is the focus of this mission. This focus on planning should not be miscon- 
strued to represent that planning is the sole (or even major) activity within land utilization; rather, plan- 
ning was selected in order to provide a single focal point for an earth resource survey mission. The 
urban and regional planning mission will utilize the Space Shuttle as a data acquisition platform to obtain 
remotely sensed data which can be employed by planning authorities as inputs to research, plan prepara- 
tion, and decision implementation. Uses for remotely sensed data, other than planning, in the area of land 
utilization include: strategic management, monitoring current utilization, publicity, and other more day- 
to-day operational uses. Ei discussing this mission, it would be useful to begin by touching upon the nature 
of planning activities, and also commenting briefly on some of the more recent work which has been 
directed towards demonstrating the feasibility of utilizing a remote-sensing technology as an aid to plan- 
ning efforts. 

hi the most general sense of the term, planning may be defined as a process which leads to the formulation 
and clarification of goals and objectives, and to the reduction or translation of these goals and objectives 
into specific courses of action. Planning activities which are oriented towards shaping the pattern of human 
activities over space may be differentiated from one another in terms of the level of spatial aggregation at 
which they are carried out. For this Application Development mission, two basic forms of land-oriented 
planning may be identified: (1) urban, or city planning; and (2) regional planning. As the terms imply, 
regional planning is carried out within the context of supra-urban space (i. e. , within areas which include 
more than one city), while urban planning is conducted within the context of intra-urban space. Moreover, 
the two forms of planning can also be distinguished from one ano&er by the fact that urban planning focuses 
on problems pertaining to the quality Of the micro-envirGnment (e. g. , urban design, the staging of small- 
scale changes in land-use patterns, the provision of public facilities and services, and the evaluation and 
management of a housing stock), while regional planning is primarily concerned with the economic problem 
of resource allocation and development. 


Regional and urban planning is concerned with the development of the functional linkages which connect 
metropolitan regions to one another. The major concern Is with the transportation of people and com- 
modities; however, interest also focuses on problems related to the development of power grids, communica- 
tions networks, and water supply channels. This planning also deals with the developmental problems of 
the so-called peripheral areas which lie outside of the metropolitan regions, hi many instances such areas 



lag far behind the rest of the nation in terms of economic development even though they include potentially 
valuable natural resources (Appalachia is an example). Generally speaking, planning efforts in this context 
are directed mainly towards resource development. 

At this juncture, it would seem appropriate to say a few words about the sequence of activities involved in 
land -oriented planning. A more or less conventional formulation of the planning process is as follows:^ 

1. Resource inventory: appraisal of existing resources in categories such as land and water, species, 
and human population. 

2. Data acquisition and processing: collection, manipulation, and storage of information using con- 
ventional surveys, aerial photography, and remote sensing. 

3. Analysis of data in terms of existing status or use, quantity, quality, location, trends, and 
relationships, 

4. Plan formulation and implementation; forecasting, development of alternatives, simulation, 
modeling, and selection of a course of action. 

5. Monitoring and enforcement; measurement and performance in terms of rate of change, type of 
change, location, quality, and amount; and adjudication of conflicts, 

6. Evaluation of policies, priorities, technology, organization, and legislation to identify places and 
methods for Improvement. 

7. Repetition of the process. 

As this outline indicates, the activities of planning authorities are not confined solely to the preparation of 
plans. Dideed, a lai^e part of their efforts is directed towards the resolution of problems of an immediate 
nature. For example, a major function of urban planning agencies is the enforcement of zoning regulations. 
Also, in recent years, planning aufliorities at all levels of spatial aggregation have become increasingly 
involved in matters relating to the protection of the environment — such as the preparation of environmental 
^ impact statements for proposed developments. 

Historically, there has been a tendency in this country to downgrade the importance of planning. There 
are now indications, however, that the situation may be changing. The recent surge of environmental 
awareness has given tremendous thrust to the maintenance of a qualify environment. Thus, in ever grow- 
ing numbers, Americans have come to recognize the vital importance of effective planning institutions. 
Evidence of this trend Is the so-called "quiet revolution" in land-use controls which is taking place in many 
State governments, and the movement at the Federal level towards the establishment of a national land-use 
policy. 

The growing interest in planning has fostered concern in many quarters about the adequacy of the data upon 
which planning decisions are formulated. As cities have pointed out, planners all too often are forced to 


1. Schechter (1973), as quoted by Council of State Governments (1974, p. 6) 
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make decisions based more upon intuition than upon solid fact. Clearly, the necessity of having to rely 
upon such an approach increases the probability of making bad decisions, and thereby seriously weakens 
the argument for careful and thoughtful planning itself. Thus, poor data may not only lend directly to a 
bad planning decision; but, may also lead to a general weakening of the planning process itself. A general 
wealtening or lack of respect for the planning process will utilimately lead to the total disregard of planned 
land utilization and the return of individual uncoordinated decisions. 

The importance of this problem has encouraged search for new approaches to improving the data base for 
planning. One line of research has focused on exploring the potential contribution of remote sensing tech- 
nology. Numerous land use investigations employing remote sensing have been conducted using both 
manual and automated interpretation techniques. The results to date have shown that land use can be classified 
and portrayed on thematic maps using both manual and automated techniques. Various levels of classifica- 
tion have been achieved depending on the types remote sensing platform used to obtain the data. Some gen- 
eralized conclusions which may be dra^vn from these investigations include: 

• There is utilily in Landsat data for urban and regional planning, 

• It would be desirable for future work of this land to maintain the synopoticity obtainable in the 
field of view of a standard Landsat image, i. e. , 185 x 185 kilometers (100 by 100 nautical 
miles). 

• It would be desiratile for Landsat imagery in the future to have higher resolution, perhaps with a 
future series of resources satellites. 

• The nature of a standard Landsat imp.ge in terms of both a wide field of view and multispectrality 
was unique and unconventional to many planners who are used to working with the tradition.1 land 
use data sources such as large scale black and white aircraft imagery. 

• The periodicity of global coverage by Landsat every 18 days was judged to be sufficient 
to allow i'oj“ meaningfal temporal e\'aluation of the Los Angeles area,. 

• The unconventional and supplemental nature of Landsat products and the nature of the planning 
process makes it very difficult to directly measure the cost effectiveness of Landsat products for 
urban and regional planning. 

Landsat experimental investigations have demonstrated the utility of space borne remote sensing to the area 
of land utilization in general and to urban and regional planning in particular. Information products such 
as available from aircraft and satellite may prove to be even more useful as a data source for the less dev- 
eloped areas of the world having less elaborate existing data bases and fewer alternative or complementary 
data sources. Thus, the utility of applying remotely sensed data to the planning activity has been established. 
The next step is to develop a system suitable for the routine and operational acquisition of this data of a 
type and format useful to planners (at least, and probably others Involved with land utilization as well). 
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It is worth repeating, that the preceedlng discussion and emphasis on planning is provided because this mission 
is oriented specifically at that single aspect of land utilization. That is not to imply that planning is the 
only application of remote sensing for land utilization, but only that planning is the single aspect selected 
to provide a focal point for designing a Space Shuttle Application Development mission. This rather narrow 
focal point was required because past experience in land utilization mission planning has showed that the 
wide diversity of the field and the multiplicity cf users is too great. Ih the past this diversity and multi- 
plicity has led to too much general discussion and dilution in an attempt to solve all problems. The approach 
talcen here was to restrict the scope to a singular focal point and design a mission accordingly. It is 
fiiUy recognized that the data which results from mission will have much wider applicability in the man- 
agement of land resource utilization. 

The purpose of this Shuttle urban and regional planning mission is the bridging of the gap between the sucess- 
!ul experimental results and a fully operational system, using the Shuttle as a platform to gather hi^er- 
resolution electronic and photographic imagery simultaneously. This Imagery data will then be used as 
input to the planning process described. 

3. 5.2 USER GOMMimrrY AND BENEFIT MECHANISM 

The uii)an and regional planning mission is unique of the three selected Applications Development missions 
in that the user community is extremely diversified, and each user is interested in data only for a limited 
geographical r^on. (Some Federal agencies are exceptions to this rule because of their national responsi- 
bilities but can be considered as special cases). 

The user agencies are primarily in the public sector, as opposed to private, although some private land 
developer and large landowners may also be interested users. The public sector user may be further 
broken into three categories: 

(1) Local level users: 

City and county planning departments 

(2) Metropolitan region level users; 

Metropolitan planning agencies (Delaware Valley Regional Planning Commission is a good 
example) 

Councils of governments (COG'S) - these are groups of city and county governments which 
are formed for the purpose of dealing with area wide problems 

Large county planning agencies - like LA county 

(3) Regional level users : 

Special commissions; e.g. Delaware River Basin Commission, Appalachian Regional Com- 
mission, TVA, etc. 


State planning agencies 
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Coastal zone planning organizations 


Federal agencies such as the Bureau of Reclamation, Corps of Engineers 

This multiplicity of "special interest" users presents a significant problem in data dissemination, since 
each must be serviced individually, and each will have special data and information needs. This problem 
will be discussed in a later section. 


The to the benefit mechanism of the urban and Regional planning mission is the improvement in several 
critical areas of the planning process : 

• Organization of Data Collection 

Much of the potential usefulness for existing data is lost because the data are not comparable. A 
high-priority obj ective then, is to make data gathered by one group, organization, or source 
compatible with and useful to other agencies. Data comparability is needed not only among dif- 
ferent agencies at one level of government but also among the various governmental levels; there 
should certainly be sufficient comparability to enable the transfer of information beyond govern- 
mental Jurisdictions. This requires a common format covering such aspects as; classification, 
area, identifier (data index), etc. It is unnecessary and appears undesirable to centralize the 
total data collection function within any given level or organization of government. 

• Access 

Another high-priority objective is to improve access to data. The most important aspect of access 
is to improve the identifier or coding system. Given the requirements of environmental pla nnin g, 
geographic coding systems should be strived for when possible. 

Another aspect needing improvement is real-time access, as compared to the often long turn- 
around times currently found in many informatton-retrieval systems. Two key tasks in plannixig 
physical emdronments would greatly benefit from real-time access. The first of these is the 
ability to speculate about alternative possibilities and breakthrough improvements, and to enhance 
learning by doing so. The second is the ability to answer questions quickly about the possible 
adverse impacts of specific development proposals. 

A third, and growing, issue is to extend access beyond the current group of technical experts to 
include citizens, elected officials, and Government administrators. The problem is related to the 
division and mistrust betw'een the professionals and those who must accept c-r reject their work. 

It is a concern in some parts of the country with technocracy and in other places with unrespon- 
sive Government. Information is power, and access to information and the ability to use the same 
tools as the professional is a growing demand on the part of public officials and citizens. 

• Data Classification 

There are two main wealoiesses in using current classification schenaes to solve problems relating 
to the physical environment. The first is uniformity of classes. There is a tendency for data 
collectors to use their own classification schemes. In addition, many of the existing standard 
land-use classification schemes are based largely on economic criteria and/or on the nuisance 
value of side effects. Neither of these attributes is particularly useful in evaluating environmental 
implications of alternate development possibilities. Therefore, the objective of evolving a uniform 
or compatible classification scheme which is both responsive to disparate users and internally 
consistent to allow users to exchange results should receive early attention, 

• Data Acquisition; Method, Frequency, Priorities 

The range of methods for data acquisition is increasing from direct interviews in attitude surveys 
to remote sensing via satellite. Many of these approaches, although expensive, yield very usefiU 
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infonnationj others, though inexpensive, produce data of less reliability. Still others are ex- 
pensive and produce data of questionable utility. An objective for data improvement would combine 
methods to achieve cost savings while achieving high reliability. 

Frequency must relate directly to the data and their intended use. It will always be highly variable. 
Yet there is need to establish coordinated periods for improved data comparability. 

Finally, because data are expensive, priorities must be set on their collection and incorporation 
into information ^sterns. The capacity to adequately store, retrieve, and manipulate all the data 
now pouring in from the various satellites does not exist. Selectivity is necessary so that a maxi- 
mum of useful information can be derived from the wealth of data available. 

• System Capabilltyi Point, Line, Area Resolution 

The adequate study of environmental problems demands a system capable of handling point, line, 
and area data. An example is the need to coordinate data from a point emission with a stream 
and the surrounding natural and developed area. Most systems today handle data in only one of 
these modes. As dataT-handling improvements are made, this should receive attention. The 
setting of water-quality policy for all the lakes of a State, for example, requires a different reso- 
lution than that to prepare a program of action to correct the pollution of a specific lake. The task 
is to retain the abiliiy to aggregate data and yet have comparability at a given scale. 

• Machine Coordination 

This is a less -immediate objective, but one requiring stu.dy. If data remain stored in a variety of 
locations, and if access to information is to be achieved on anything approaching a real-time 
basis, some linking of machines and agencies would appear to be necessary. The IRIS data sys- 
tem proposed for the State of niinois ivould create an interlocked set of computers located at vari- 
ous points throughout the State and a cluster of remote terminals tied to each computer. The 
whole issue is very complicated, but the ability to achieve coordination will decline as time passes 
if no action is taken. 

• Education 

Progress in environmental planning and controls requires a massive education program. Far 
more people know how the land market works than know ecological linkages, perhaps because 
there is a strong incentive in the market to learn. Information systems with direct man/machlne 
interface can be useful tools in problem solving and policy formulation. They also have the poten- 
tial of being used for programmed learning, a potential that bears exploring. 

It is difficult at this point to evaluate overall cost effectiveness and cost benefits to be derived from the 
mission, primarily because problems are being solved whose economic benefits are not Imown nor easily 
assessed, and yet for which there is no practical alternate solution. Thus, the benefits derive from doing 
new things rather than maldng the old process more efficient, e.g. 

• Hi^ resolution, synoptic imagery provides common data for large areas - this is not available 
now, and the need will grow as metropolitan growth continues. 

• Because there ■will be many primary uses for the Shuttle’s output, unit costs will be relatively 
low. One example of a benefit is land use inventories which are not now undertaken at frequent 
intervals because of their high cost, can be undertaken more often. 

3,5.3 JUSTIFICATION FOR THE SHUTTLE MISSION 

The primary justification for the use of Shuttle as part of this mission is the availability of a cost- 
effective combination of high resolution photographic camera with medium resolution electronic sensors. 
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providing synoptic coverage of areas of interest due to Space Shuttle. Shuttle not only provides the only 
visible space platform (throu^ the t980's) for obtaining synoptic photographic coverage; but^ it is also the 
most cost effective platform (in comparison wltti hl^ altitude aircraft) for obtaining the volume of photo- 
graphic data required. The cost effectiveness of the Space Shuttle is discussed at greater length in Sec- 
tion 7 of this report. 

The key factor in the cost effectiveness of the Shuttle is the ability to amortize the cost over several simi- 
lar users. Most urban and regional planners require the same type of data - just over different locations. 
Another factor related to the cost effectiveness is the use of "standard" Shuttle sensors which have been 
proposed for several missions, further amortizing the cost of data acquisition for specific users. 

Other factors which are unique to the application of the Shuttle to this mission are: 

• Quick response capability for Shuttle flights to aid evaluation of emergency conditions e. g. severe 
floods, hurricane damage 

• Variable orbit characteristics 

• Man available to provide discretionary decisions 

• The ability to use relatively low cost equipment which does not meet the full unmanned 
spacecraft -reliability criteria. 

3.5,4 SENSOR requirements 

A cartographlcally-useful film output is desired for planning and field use. Spatial resolution sufficient 
to allow toe delineation of streets is necessary. A candidate sensor is the S190B camera flown on Skylab, 
Films used should produce a resolution of approximately 5 meters. 

For fulfilling (or approaching toe fulfillment of) the functional requirement for multiapectral data, the 
spectral characteristics of the data and machine processing are more critical than spatial resolution. 
Ground resolution between 16 and 20 meters effective field of view, with spectral gray levels of between 
64 to 128 levels over the spectral range are required. Five or six bands covering the spectral range of 
0. 42 to 1. 1 um plus 2. 0 to 2. 6 um and 10. 4 to 12. 5 um are the required spectral ranges of a scanner for 
machine-based urban land use classification. 

Both a multi-band camera and a multispeotral scanner are desired sensor types for this use. In the 
former category, the S190A camera used on Slqrlab Is a candidate, and the thematic mapper will satisfy 
the scanner requirement. 
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3, 5* 5 FLIGHT PHOGHAM AND TEST SITE SELECTION 

The purpose of the missions developed in this study Is to demonstrate the capability of staisfying user 
information needs through Shuttle borne remote sensing. This is distinct &om operationally satisfying the 
users needs for a large number of users or over a long period of time. For this Urban and Regional Planning 
mission it was decided that a small set (five) of representative test sites would be adequate to demonstrate 
the capability. The five were selected as being representative not only of their geographic region and the 
other factors listed below; but, also representative of the type of urban and regional planning Involvement 
of each: 


CRITERIA: 

Size: population, area 

Region: physiographic, demographic 

Age: settlement, development 

Site: coastal/inland, river basin, airshed 

Hinterland: vegetative, forestation, arid zone 

Socioeconomy: industry, commerce 

Uniqueness: critical areas, special features, ethnicity, etc. 


After an initial screening of the urbanized areas of the Unites States, the following locations were selected as 
potential candidates: 


Philadelphia* 
Los Angeles 
San Francisco* 
Seattle 
San Antonio* 


Memphis 

Louisville 

Birmingham 

Albuquerque 

Tucson 


Knoxville* 
Salt Lake City 
Huntsville 
Amarillo 
Sioux FaUs* 


*indicates area selected as test site. 


Five cities were selected as representative initial test sites for the Urban and Regional Planning mission; 
they are, as shown in figure 3-21: 


PHILAPE LPHIA : An older, larger Eastern port city, along a major mid-Atlantic river. City popula- 
tion 2 million, standard metropolitan statistical area (SMSA)~ 5 million, density over 15, 000 persons/ 
sq. mile. Readily accessible for data. Regional entity: Delaware Valley Regional Planning Commission. 

SAN FRANCISCQ ; A medium-sized western harbor, with a large urban area surrounding a bay. City 
population~ , 7 million, SMSA, ~ 3 million. Density over 15, 000 persons/sq. mile: Association of 
Bay Governments/USGS-HUD study. 

SAN ANTONIO ; A south-western, inland city with an urban area of -?.bout same population ~ . 7 million. 
Some critical envii'onmental fectors, under intensive study. Outstanding urban design - HUD aware. 


I 
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KNOXVILLE ; A southern city with a larger SMSA (. 17 to .40 million). Extensive planning locally 
and by the Tennessee Valley Authority, 

SIOUX FALLS: A northern mid-western interior town, with dispersed SMSA (all— 1 million). 



. Figure 3-21, Urban and Begional Planning Test Sites 
The Applications Development mission will require two flights, one in the Spring and the other in the Fall 
over each test site area. There are no other critical flight parameters except for a requirement for an 
adequate 30°) sun angle. 

3. 5. 6 DATA PROCESSING AND ANALYSIS 

The data processing and analysis will involve both manual and machine aided interpretation of photographic 
and electronic image products. The purpose of the anatysis is the extraction of land use theme data in ac- 
cordance with the indexing scheme used by each planning agency and the specific needs of the ^eucv . 


The electronic imagery will be used for the preparation of generic land use themes, the photography will 
be interpreted and used to generate large scale map overlays of specific themes and areas within the plan- 
ning region of interest. 


The data processing and analysis will, of necessity, require close cooperation with the local planning 
authority; this authority will be responsible for the dissemination of information resulting from the study. 
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SECTION 4 

SHUTTLE AGGOMMODATION OF THE MISSIONS 

The Shuttle Orblter has the capability, in the sortie mode, to provide a number of payload configurations to 
the user; combinations of short or long Spacelab pressure modules and pallets; a pallet-only configuratloh 
for which the control of the payload is provided from the Orbiter flight-deck; and Standard Earth Observa- 
tions Package for Shuttle (SEOFS), a smaller sensor support mount 'vhich can be flown with any of the 
Spa.celab configurations as well with automated spacecraft as the primary payloads. 

Several major issues are present in &e question of Shuttle accommodation of die missions. The first is 
the matching of the physical requirements of each mission to a Shuttle configuration in order th't the 
range of carrier configuration options can be considered. Second, and more iinportant, is the range of 
issues raised by the subject of combining multiple missions to achieve hi^er litillzaticni of the Shuttle on 
each fl^ht. These issues include substantive engineering questions, such as whether to desi^ the SAR 
antenna to fold, in order that it inay fly with a Spacelab pressurized module, or to restrict it to pallet- 
only flights and save the development costs and operational compleKily of the folding antenna, A second 
engineerii^ issue concerns the mutual design of the SAR and SIMS to enable these two sensors to be flown 
(and operated) concurrently without undue electromagnetic interference, in order that their complementary 
forms of data may be gathered over the same ground areas. 

Also to be considered are programmatic questions, such as whether the Earth Resources experiments will 
be flown simultaneously with other ^plication experiments and, if so, vdiat should the characfeilstic of 
their companions be. A second related programmalio Issue concerns the frequemy with which Earth 
Resources payloads will be flown aboard Spacelab. The needs of the representative missions treated 
herein (and, indeed, most Earfli Resources missions suitable for Shuttle) dictate fairly ti^t seasonal 
scheduling (say ± 45 days) and multiple flints pet mission in one year. It is clear that the Earth Resources 
Program will not require many or even several, full Spacelabs in a year during the early Shuttle era. 

Flight sharing by several means should be Investigated; shai^ung launch costs with other applications pay- 
loads aboard Spacelab; sharing launch costs with non-applications Spacelab payloads throu^ the use of 
SEOFS; and shaiing launch costs with applications satellites. 

With these issues in mind, the subject of Shuttle acCommodatlpn was addressed the following way; first, 
the ^ysical resources demoded by each of the missions were defined and compared to the resources 
available to establish the range of payload/oarrier options. Then the most likely options were detailed Into 
concept designs for use in structuring of the h)i jgrated Fli^t Program. These options Included: 
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- a camera and scanner cambination on the SEOPS, the pallet-onfy Spacelab, and the module- 
plua-pallet Spacelab, 

- the ^dietic Aperture Radar oh both the pallet^^ly and module-plus-pallets Spacelab 

-> Qie synthetic Aperture Radar both in conjunction widi and excluding the Shuttle Imaging 
Microwave System. 

A selectioh of typical experiments from the list ai those comtenplated by the Office of Appllcatians was 
used as a contextual backdrop for the analysis of the accommodations for the Earth Resources experiments. 
These e^erlments were selected from those Identified by various NASA discipline specialists and docu- 
mented by GE under the Shuttle Transportation System Payload Definition Activity (STSPDA), The non- 
Eardi Resources Experiments were selected to be compatible with those under stucfy in this task but do not 
represent either a firm intent on die part of NASA to fly them nor a recommendation by the TERSSE team 
that such be the case. 

4.1 SENSOR DEFINITIONS 

The mission requirements developed in Section 3 were used to select acceptable Sehscrs as the next step in 
defining Shuttle accommodations, in the case of the SAR, the sensor is defined inherently by the nature of 
the mission itself: SAR development, hi the soil moisture mission, the objective of microwave and optical 
spectrum measureinents lead to the selection of: the Shuttle linking Microwave System (SIMS) under 
study by JPL, either the 5-band Multispeotral Scanner (MSS) from (he Landsat Program or the newer 
Thematic Mapper (TM), and a visible-wavelength scanning polarlmeter. The three applications develop- 
ment missions all require camera(s) and a scanner of varying performances. The candidate cameras were 
chosen from existing designs to avoid/minimize development costs; likewise,, the scanner candidates were 
chosen to be the MSS and the TM. 

Matching of the mission requirements against the candidates' characteristics led to die set of preferred 
sensors illustrated in Table 4-1, A brief description of each of the sensors follows: 

Shuttle Imaging Microwave Sjystem (SIMS) . The SiMS figure 4-1) is a resolution, passive microwave 
system used for measurements of the thermal emissions from the Earth's surfSce and atmosphere in die 
0. 6 to 118. 79 GHz spectrum. The instrument is coniprised of a four-meter-wlde reflector antenna, a 
rotating feed assembly, and a series of receiver/processors for each of its eleven frequencies. Each 
radiometer feed sweeps a cross-track swath of ±30 degrees as it rotates past the reflector. The 
amount of the reflector which is illuminated is varied with frequency to provide an instantaneous field of 
view ranging from 0. 1 degrees (at 118. 79 GHz) to 17 degrees (at 0. 6 GHz). The instrument is currently 
configured to mount directly to the cargo bay longerons and replaces a pallet section in a Spacelab con- 
figurations. The SIMS weighs 952 Kg and requires 930 watts of power. 
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TABLE 4-1. SELECTED SENSORS 
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37 

GHz 


53 

GHz 
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Figure 4-1. Shuttle Imaging Microwave System (SUMS) 


Spot-Scanning Phptopolarimeter . The polarimeter (Figure 4-2) is a three-channel device which measures 1 

the polarized components of Usable light with a spectral bandwidth as narrow as 100-150 A (final value to 

be determined). It is comprised of a small telescope, with three optical barrels (one for each polarization 

channel) a polarizing prism and a photodetector/amplifier assembly. Its IFOV is 1. 0 degrees. The entire 

instrument is scanned cross-track by a single-axis gimbal over a range of ±60 degrees. The instrument 

weight, with gimbal, is 27.2 kg; a maximvim and average power of 45 and 20 watts, respectively, are 

required. 


Synthetic Aperture Radar (SAB). The design configuration selected for use in the study (Figure 4^3) is based 
on studies underUr; ’ by JPL and Hu^es. The SAR is a two-frequency L band) ihstnunent operating 
with dual polarization in both frequencies. Transmitted power (peak) is 6,8 Kw (L-band) and 17 kw pc-band). 
Clutter tracking is used to ease Shuttle pointing requirements. A 10-meter flat array antenna is used, 
producing a nominal ground resolution of 25 meters with a maximuin-swath width on the ground of 100 km. 
Processing and recording of the data is performed digitally; the data rate is variable with an upper limit of 
480 Mb/sec at maximum resolution (~6m). The instrument weighs 1248 kg including support structure, 
and consumes 4 Kw Cf power* 


S I 
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Thematic Mapper (TM). The TM {Figure 4r-4).is an advanced scanning spectroradiometer which permits 
simultaneous imaging of visible^ near-infrared, and thermal infrared energy spectra. The folded telescope 
has a collection aperture diameter of 46 cm (18 inches) which produces an instantaneous field of view of 30 
micro-radians in the usable and near-IR spectral region. The scanning mechanism is mechanically operated 
through the use of a servo motor-driven mirror. (Three scanning mechanisms are under study for this 
sensor: conical, rectilinear, and rotating fiat reflector. The concept illustrated in Figure 4-4 is the recti- 
linear scan configuration. ) An array of sixteen detectors is used for each visible or near-IR band. 


The development of &is sensor is currently being pursued for use in polar spacecraft operating at an 
orbital altitude of approximately 700 km. For use in the Shuttle, two modifications will be necessary: the 
scan mirror drive will be modified to decrease the swath width (scan angle) and increase the scan rate. 
And the passive (radiation) cooler for the thermal detectors will be replaced by a solid-cryogen cooler. 
The scan drive modification will result in a 17m IFOV and a 59 Km swath width. The data rate for the 
modified sensor wilt be maintained at 89. 4 mb/sec. The TM weighs 180 Kg and requires 260 watts of 
power. 





3-190B camera. The hi^ spatial resolution reqpiiremaits of tie Mineral Exploration and Forest hivehtoiy 
missions are met with flie S-190B cartographic type camera. With a focal length of 45. 7 cm. , this camera 
will produce images wiflt a resolution of . five meters. Several existing cameras were considered, as ex- 
emplified by the two alternates showi in Figure 4-5. The choice of the S-190B is based on the combination 
of high resolution, medium-size format, and wide swath width (110 x 110 Km). 

Modified S-190A Camera. In order to attain the required 10 meter resolution in the multi-spectral camera 
for the Urban Planning mission, the focal length of the S-190A camera will be increased from 15 cm to 
33 cm. Reduction in the field of view will be well within the required 80 x 80 km for ftis mission. The 
lenses for the 33 cm focal length have been developed and can operate with a 70 mm format. (Figure 4-6) 

4. 2 CARRIER COMBINATIONS 

The different carrier configurations possible with the Shuttle each have di&erent capabilities for payload 
weight, volume, crew operating space and transportation costs. Sensors can be flown on Spacelab and/or 
the Standard Earth Observation Fack^e for Shuttle (SEOPS). SEOPS capability is essentially constant 
for all payload combinations, although weight and i»wer may be compromised by the demands of the re- 
maining payload. The capability available for sensors mounted on Spacelab pallets is highly dependent on 
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FORMAT: 4;5 X 45 INCHES 
14 X 14 DEGREES 

110 X no KM @ 443 KM 

SPECTRAL CHANNELS: 
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camera 



Figure 4-5. S-190B Camera 
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Figure iS, Modified S-190A Camera 


the specific combination of Spacelab hardware flown. Table ^r-Z shows the mass, pressurized volume, 
pallet area, and electrical power capabilities of four basic Spacelab configuratidns and the SEOPS bridge. 
The pallet-only mode affords the largest weight, viewing areas, and power capabilities; however, it has 
very limited pressurized volume (in the orbiter) which severely constrains control and display area and 
crew-involvement. 


Table 4 - 2 . shuttle configuration resources 


CARRIER 

CAPABILITIES 

SHORT MODULE G 3 
PALLET SEGMENTS 
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The screening of Shattle/Spacelab configurations in terms of requirements versus capabilities is sam- 
marized in Table 4-3, which ^ows that the cameras and scanner of the Mineral Exploratipn, Forest In- 
ventoiy or Urban Planning missions can be accommodated any configuratian. The short module and two- 
pallet seginent configuration is compatible with a^jr of the five missions. Because of die large diameter of 
SIMS, the soil moisture mission is incompatible with any configuration where Spacelab uses the entire cargo 
bay. The Imaging Radar can be accommodated in any Spacdab configuration but requires folding of the 
microwave array in all but the pallet-only configurations. 

The range of carrier configurations was analyzed and correlated with die five TERSilE missions. In all 
cases, except where the SEOFS alone was installed for a satellite delivery mission, there was additional 
capacity to accommodate other experiments onboard. Representative sets of compatible OA experiments 
were selected for incorporation in these configurations. 

4.3 PArLOAD CONFIGURATIONS 

The analysis considered four Spacelab modes of accommodation in determining the payload fU^t configura- 
tions: (1) the short module plus three pallets, module plus two pallets, <3) long module plus two pallets, 
and (4) the pallet only mode. 

table 4-3. PHYSICAL ACCOMMODATION COMPATIBILITY 
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In addition, the SEGI® configuration with the direct mounting of a large sensor (i. e. SIMS) onto a non- 
palleted section of the Shuttle cargo bay was analyzed. 'The primary questions addressed in this portion 
of the study task are as follows: 

• Which Spacelab modes can best accommodate the missions ? 

• What is the compatibility of the mission requirements with the Shuttle, Spacelab, and SEOPS 
capabilities and interface provisions? 

• Are the missions amenable to integration wldi additional Shuttle payloads on the same flints ? 

• Which of the Earth Resources missions can be performed concurrently on the same flight? 

The results showed that all Spacelab modes can acconuuodate at least four missions; either #1 (Soil 
Moisture) or #2 (S. A.R. Development) plus #3 (Mineral Exploration), #4 (Urban Planning), and #5 (Forest 
Inventory). All the 9ve missions can be accommodated in the short module plus two pallet segments. The 
SEOPS mount can accept the camera and scanner instruments for the Application Development missions 
((13, #4, and #5). M all cases examined, the mission requirements and interfaces were found to be com- 
patible with the capabilities of the Space Transportatlnn System (STS). Furthermore, many additional 
payloads can usually be accommodated on the same flight configuration. Only in the case where all Hve 
missions are integrated on the same fli^t are the viewing area/volume capabilities of the Spacelab utilized 
almost fiiUy, leaving little capability to perform other experiments. 

The sections that follow contain a description of the four principal configurations considered and a dis- 
cusslo'/ of typical interface requirements. 

4. 3. 1 payload GONFIGURATIONS 

The payloads in each configuration pertain to conipatible TBRSSE missions, and additional experiments. 
The latter were selected from representative Office of Application candidate missions consisting of experi- 
ments in Earth Observation, Communication & Navigation, and Earth and Ocean Physics. 

CONFIGURATION 1, depicted in Figure 4-7, consists of a short Spacelab module and two pallets accommo- 
daling the Thematic Mapper, S-190A camera, S-190B camera, SIMS and flie Photopolarimeter. These 
sensors permit the performance of missions 1, 3, 4, and 5. This configuration demonstrates that these 
TERSSE missions can be integrated in a Spacelab fll^t cari^ing a large complement of Earth Observation 
and Communication experiments and, in fact, represents a higher concentration of sensors than any of the 
other ones analyzed. Among these is a set of microwave antennas, including a 3 x 3 meter array, vdilch 
are deployed outside the main portion of the Shuttle cargo bay to prevent interference with other earth- 
looking sensors such as the Thematic Mapper and the S-19 qA camera package. 


The SIMS s^sor was mounted aft of the Spacelab pallet as its 4-meter diameter does not fit the pallet 
envelope. Other equipment mounted outside the pallet include die open TWT experiment and Solar Environ- 
mental Monitor Instrument Sensor (SEMIS). The Atmosidieric Cloud Physics Laboratoiy^ (ACPI ) is totally 
contained within the pressurized module and is housed in two standard 0.47 meter wide racim. Sufficient 
additional rack space is available inside die module to accommodate the various experiment monitoring 
and control panels necessary to perform die Earth Resources mission, as well as other experiments, in 
this configuration. 


The predominant accommodation factor in this configuration was the geometric limitation due to field-of- 
view requirements and viewing area. Careful arrangement in three dimensions was necessary to prevent 
the sensors from obstructing each other's fields-of-view. This is illustrated 1^ the fact tbm the viewing 
area capability of the pallet is 23 m^ and only 18. 1 m^ was able to be utilized due to field of view limita- 
tions. Ample weight carrying capability exists in the Spacelab to handle this configuration, namely 
6000 kg. , whereas only 4842 Itg. were required. 
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0 ATMOSPHERIC CLOUD PHYSICS LAB 
© ELECTROMAGNETIC ENVIRONMENT EXPERIMENT 
© ADAPTIVE MULTIBEAM ANTENNA 
© SCANNING SPECTRORADIOMETER* 

© OPEN ENVELOPE TWT 
© OZONE MAPPER 

© LASER ALTIMETER/PHOFILOMETER 
® SOLAR ENVIRONMENT MONITOR 
® SHUTTLE CALIBRATION FACILITY* 

® LASER RANGING EXPERIMENT 

SigpB 

PHO'SOPOLARMETER 


SIMS 



S190A 

THEMATIC MAPPEH 


SHORT MODULE HAS AMPLE ROOM FOR 
PRESSURIZED EQUIPMENT. 

• USE OF ONLY TWO PALLETS PERMITS 
ACCOMODATION OF SIMS. 

• LARGE ARRAY (#2) AND ADAPTIVE MULTIBEAM 
ANTENNA MUST BE DEPLOYED TO 
PERMIT OPERATION OF OTHER SENSORS. 
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Figure 4-7. Configuration 1 — Short Lab with 2 Pallets and snVB 
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CONFIGURATKJN 2 integrates tlie imaging Radar of misston 2 In a Spacelab consisting of a short module 
and three pallets^ as shown in Figure 4-8. Because of (he large size of the antenna array (31 m^) it was 
necessary to fold the antenna and provide an extension mechanism in order to clear the Spacelab module 
when the payload is stowed, hi this configuration the Shuttle Orbiter can % in the minimum drag config- 
urationp with the Y axis perpendicular to the orbital plane. Consideration was given to placing the 
longitudinal axis of the antenna perpendicular to the Orbiter's X-axis, however, this was rejected since 
the Orbiter then would have been required to fly with its velocity vector perpendicular to the X-axls. This 
In turn would have required that all earth scanning sensors such os the Thematic Mapper be oriented with 
the scanner rotor axis perpendicular to the X-axis of the Orbiter. 

The configuration accommodates the sensors for missions 2, 3, 4 and 5 plus those for six additional 
Earth Observation and CommunicationAfavigation experiments, hi order to accommodate these without 
obstruction from the Imaging Radar antenna which rises hi^ above (he pallet, it was necessary to place 
the other sensors on platforms supported at the top edge of the pallet. In some cases, the large fields of 
view of other candidate sensors precluded them from being integrated into this configuration, in the case 
of &e 10,6 micron laser transceiver, the sensor required mounting on a framework approximately 1 meter 
above the top of the pallet. 



• CONFIGURATION NOT COMPATIBLE WITH S!MS 

• ABLE TO ACCOMMODATE ADDITIONAL EXPERIMENTS 
IN SPITE OP LARGE AREA OP SAR ANTENNA 


Figure 4-8. Configuration 2 — Short Lab with 3 Pallets and SAR 



Mission 1 Is not compatible with this configuration since the Spacelab module and three pallet segments 
occupy the entire Shuttle cargo bay. The SIMS sensor requires the use of the aft portion of the cargo bay 
and — in its present configuration — cannot be mounted on the pallet. 

CONFIGURATION 3, shown in Figure 4-9 incorporates the pallet only Spacelab mode, which features 
five pallet segments. The large viewing area afforded by the pallet (57. 5 sq. meters) makes it possible to 
integrate the Imagin g Radar antenna without the need to fold or elevate it as required in configuration 2. 
The advanicge In this design of the antenna array is the simplification in the attainment of antenna flamess 
tolerance, which is a small ;^ctlon of wavelength. The mounting of the antenna is also made simpler, 
since the array is hinged at the edge and eliminates the need for a boom eKtensian deployment mechanism. 

Included in this corfiguratiot. 're the sensors for missions 2, 3, 4, and 5, The same laser experiments 
shown in configuration 2 are included here; in addition, the ample pallet area available makes it possible 
to add large experiments such as the active Optical Scatterometer and Active/Passive Cloud Radiance. 



© LASER ALTIMETER/PROFILOMETER 

© LASER RANGING 

© NO YAG LASER TRANSMITTER 

© ND YAG LASER RECEIVER 

® 10.6^ LASER TRANSCEIVER 

® ACTIVE OPTICAL SCATTEROMETER 

0 AtTI rUDE REFERENCE EXPERIMENT (STARS/PADS) 

© ACTIVE AND PASSIVE CLOUD RADIANCE EXPERIMENT 


a ACCOMMODATES UNFOLDED SAR ARRAY 

o LIMITED PRESSURIZED VOLUME IN ORBITER 

• SIMS NOT INCLUDED. DUE TO EIWI INCOMPATIBILITY 
WITH SAR 


Figure 4-9. Configuration 3 — Pallet Only, 5 Pallets and SAR 




The wnin limitation in this configuration is the small pressurized volume available as an orbital control 
center for the various experiments due to the absence of a pressuidzed Spacelab module. The only space 
available for monitoring and control panels i^ in the payload specialist station located in the rear of the 
OrMter's crew compartmeni; aft section. This implies limited crew involvement and ^ssible ground- 
control for several of file sensors. 


The SEWS sensor would be compatible with the pallet-only configuration, if the last pallet section in the 
rear of the cargo bay were ronoved. The problem of incompatibility between the Imaging Radar and SIMS 
is discussed in Section 5. 3 of fids report. 

CONFIGURATION 4 — accomodates all five of the missions. It is similar to configuration 2, with a short 
module and two pallet segments (Figure 4-10). The linking Radar antenna is folded and requires extenr- 
sion above the Spacelab module. The SIMS radiometer is located in the aft section of the Orbiter cargo 
bag, in place of the third pallet segment. The Thematic Mapper and S-190A Camera are mounted on a 
platform at the top edge of the pallet; diis location, opposite the Imaging Radar antenna, offers no obstruc- 
tion to the sensors' field of view. The Photopolarimeter, which is required in the Soil Moisture mission 
is Installed alongside the S-190B type mount forward of the Spacelab module. 



Figure 4-l0. Coidiguration 4 — Short Lab with 2 Pallets, SIMS, aud SAR 
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Unlike the pallet onty mode, this configuration offers ample room in the pressurized module. This opera- 
tional advantage is traded for the added complexity of folding the antenna array. Very few additional 
experiments may be included in this configuration due to the high degree of utili zatio n of the available 
viewing area by the sensors. Possible additions may be experiments such as the Atmospheric Cloud 
Physics Laboratory which are contained within the pressurized Spacelab module. Also, a larger configura- 
tion SEOPS mount may be used to provide additional installation area. 

CONFIGURATION 5 — utilizes the SeOPS mount to incorporate the Thematic Mapper, S-190A camera 
and S-190B camera during Shuttle mission to deliver an automated payload in low earth orbit. Figure 4-11 
shows this configuration during; the delivery of an advanced LANDSAT. The latter is representative of 
lai^e satellite vehicles to be placed in orbit by the Shuttle. This configuration is also applicable in maiQr 
missions where an Intermediate Upper Stage (lUS) is included with the payload. The aft section Of the 
Orbiter cargo bay (not shown in Figure 4-11) may include the payload docking frame and erection mechan^ 
ism, Special Purpose Manipulator System/resupply module enchange mechanism and the resupply module 
storage magazine. Evm in cases where all these aft components are required On-board, the SEOPS- 
mounted sensors can be included in the mission provided the automated payload (plus kick stage, if presait) 
does not exceed approximately 9. 5 meters in length. 



Figure 4!rll, Configuration 5 — Standard Earth Observation Package with Landsat Delivery 



Operation of the sensors is nominally restricted to periods other than the erection of the payload from the 
cargo bay» prior to its separation from the orbiter. This period may include a mirsoiy checkout of the 
payload subsystems and should last less than four hours. 

4,3.2 INTERFACES 

The typical configuration involves fairly complex interfaces between the sensors and the Spacelab module 
and/or pallet, between the Earth resources sensors and other sensors, and between the sensors and the 
Shuttle. (An exertion is Configuration 5, which uses the relatively clean SEOPS bridge.) A thorou^ 
understanding of all interfaces is needed to do a realistic job of integrating the sensors into viable Sluittle 
payloads. A major step toward this understanding is construction of a payload system schematic, as 
illustrated in Figure 4-12. 

The system schematic shows how experiments (in block diag3^am form) connect with the subsystems and 
services provided by Spacelab and Shuttle, Potential conflicts can be easily identified, and interfaces can 
be indexed for later detailed analysis, The Configuration 1 system schematic contains several examples 
of interface problems and requirements that may not be otherwise evidmt. A unique feature of this con- 
figuration is the placement of S11>K aft of the two pallet segments, which requires special provisions for 
extending Spacelab services beyond the last pallet and shows that the needed extensions are the data bus, 
DC power line, and high rate digital channel. 

Two other sensors, the Electromagnetic Environment Experiment and the Adaptive Multibeam Antenna, 
have a number of antennas dispersed about the pallet. The cross-pallet signal cables required by this 
dispersal are a potential source of EMI. 

Forward mounting of the Open Envelope TWT and file Solar Environment Monitor e^eriments poses the 
question of how they are to be powered and controlled. Current Spacelab design provides for feed throughs 
in the module aft end cone only. Three options suggest themselves: (1) run data bus and power line 
throng the aft feed-throu^ and forward around the module, (2) construct a special feed-through in the 
forward end cone, and (3) power and control the forward mounted sensors directly from the Orbiter. Each 
option has advantages and disadvantages whiCh should be assessed in detailed interface analyses. 

4. 4 SHUTTLE AGCQMMpPATIQN SUMMARY 

m summary, the investigation of the five Earth resources missions* abilily to be accommodated by the 
several possible Shuttle carrier configurations leads to the following conclusions: 

! 

I 8 Any of the carrier configurations examined are physically capable of carrying the cameras and 

I scanner required by the three Applications Development missions. The integration complexity 

i (and cost) associated with these missions is at a minimum with SEOFS and at a maximum with 

I Configuration 1 which contains a large number of field-of^-view integration complexities. 
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The SIMS, in its present cdnfigaratiou which replies a Spacelab pallet section, is best located at 
the aft end of the cargo bay. Special provisions must be made for routing data, power, and com- 
mand lines to this station. Extending the Spacelab seswices to meet this need is indicated^ 

The SAR ante nn a must be folded for launch and deployed on orbit if the Spacelab pressurized 
module is used, regardless of the antenna's orientation. The recommended SAR carrier is the 
pallet-only Spacelab confi^ration, with the SAR antenna hard-mounted lengthwise in the cargo 
bay. This configuration will eliminate the cost and complexity of deployment mechanism design, 
fabrication, test, and oihital operations, and simplify thermal shadowing analysis and mounting 
design. 


SECTION 5 

INTEGRATED FLIGHT PROGRAM 

The requirements of the five representative missions are such that they lend themselves to combination 
on various Shuttle flights. In this section a nominal design orbit is selected and typical mission profiles 
are discussed. An integrated flight program which accomplishes the objectives of the five-mission pro- 
gram in a two-year period is established. 

The critical question in the construction of an Integrated Flight Program is the satisfaction of individual 
mission reqiiirements while sinaultaneously maldhg optimum use of the variety of payload carriers and 
services of the Shuttle, Two alternate approaches are outlined here: the first investigates the maximum 
use of ^acelabs as OA facilities which support not only the Earth Resources missions studied here but 
other Applications e^eriments. This approach maximizeB the number of other (non-Earth-resources) 
Applications experiments flown but results in an ©A Spacelab fecility flight frequency of four per year - 
a high^budget program. The second approach considers the OA Spacelab facility flight frequency lb be 
constrained to two per year and employs several concepts to meet this constraint vdiile fulfllling the miS"^ 
sion requirements within a two-year flight program: 

- use is made of the Standard Earth Observation Package (SEOPS) to carry out flight requirements 
which do nm demand a full Spacelab . 

- joint flights of the Synth^io Aperture Radar (SAR) and the Shuttle Imaging Microwave System 
(SIMS) are scheduled, carrying the implication that these two sensors can be integrated during 
their design phase to operate simultaneously, 

on-orbit reconfiguration of the SIMS/Soil Moisture package on a 30-day flight is used in place of 
two flights in the spring of year 2 . 

As the OA Shuttle Program evolves, additional variations on these timraes vrtll receive attention, such as 
more use of mixed-mode Right (captive payloads such as SEOPS or Spacelab pallet being flown in conjunc- 
tion with automated Spacecraft launches) . The conclusion at this point must be that a single-carrier apr* 
proach (a Spacelab facility) to accomplisbing Earth Resources missions is insufficiently flexible to be both 
effective and affordable, 

5.1 ORBIT SELECTION 

A raminal orbit that gives good coverage for all five representative missions is desired for mission design 
purposes. A common design orbit allows compatible sensors and missions to be flown in many potential 
combinations. The nominal orbit is used for initial mission desi^ and may require further optimization 
for design refinement of a specific Shuttle fli^. 
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A circular orbit with an altitude of 440 Km and an inclination of 48.1° was analysed in depth during a pre- 
vious TEHSSE Task, TEBSSE Final Report, Vol. 4). The orbit is designed to provide full coverage of the 
i continental U.S. (to 49 °N) within the sensors' field of view capabilities. The density of coverage is maxi- 
I mized by lowering the orbit inclination as much as possible, and extent of coverage is optimized by match- 
ing period of repetition to mission duration. A five-day repeat cycle Is provided, consistent with a seven- 
day Shuttle flight where the first and last days are devoted to launch and deorblt activities. Ground traces 
over the U ,S. are shown in Figure 5-1 for this nominal orbit . The nominal orbit provides ample coverage 
of both urban and rural areas. 

One of the major drivers in the use of any orbital platform for large area coverage in a short (7-30 day) 

I fli^ is cloud-avoidance. Previous studies have focussed on the duration Of the fli^t necessary to obtain 
a given probability of full coverage (e.g. 21 days of overflight for a probability of 30% cover^e) . The 
Shuttle introduces a new dimension to the problem in its ability to maneuver in orbit and thus alter its 
overflight schedule to synchronize with forecasted cloud conditions. Our study of the problem focussed 
on this capability and explored the fuel costs of a range or orbital maneuvers which could be used to avoid 
clouds by revising the basic ,5-day repeat cycle of the nominal orbit. 



The extremes of the orbit of flexibUity options considered are given in Table 5-X. The first example 
shows that for a modest delta~V it is possible to effect a two-inq>ulse Hobmann transfer to change to a 
one-day repeat cycle. This maneuver would be used to cover a previous swath vdiicb was unavailable on 
the previous day due to cloud cover. Similarly, the second example shows the small delta-V requirement 
in cbanglrig from the nominal orbit to one yielding an ei^-day repeat cycle. This change may be useful 
in a 14 day mission to provide coverage during days 8 thru 13 for swaths that were not possible during days 
1 thru 7. The nominal orbit can be easily modified to other, less fuel-demanding, repeat cycles to com- 
pensate for clouds and to e^qplolt extended sortie durations of up to 30 days. These two orbit modification 
examples represent reasonable extremes and were selected for that reason. 


table 5-1. ORBIT FLEXIBILITY OPTIONS 


MISSION SITUATION 

ORIGINAL 

ORBIT 

NEW 

ORBIT 

av 

REMARKS 

RE-COVER 
SAME SWATH ON 
SUBSEQUENT DAY 
FOR CLOUD avoid- 
ance 

239, nm 
5-DAY 

203nm 
1 DAY 

126 fps 

2. 3, 4-DAY 
TRANSFERS ALSO 
POSSIBLE AT LOWER 
AV 

TRANSITION TO 
INTERLACING ORBIT 
FOR FILL-IN COVER- 
AGE DURING DAY 
8-13 

239 hm 
5-DAY 

248 hm 
8-DAY 

31.5 fps 

6. 7 DAY INTERLACES 
ALSO POSSIBLE AT 
LOWER A V 


5.2 MISSION PBOFILES 

Consideration of the typical configurations presented in Section 4.3 illustrates that TSRSSE flights can 
range from nearly-dedicated missions to shared sorfie missions to satellite c Hvery/retrieval missions. 
In all cases TERSSE operations are constrained to the five or six orbits per da> which pass over the con- 
tinental U.S. (unless additional applications missions are served where lion-E.S. target areas are speci- 
fied) . TERSSE operations may be further limited by the requirements of shared experiments on payloads. 

A general TERSSE mission profile is given In Figure 5-2. "Orbital operations" include TERSSE opera- 
tions and shared experiment/payload operations, A typical portion of a detailed experiment timeline for 
Configuration 1 is shown in Figure 5-3. The TERSSE sensors plus Electromagnetic Environment- 
Experiment (EEE), Adaptive Muitibeam Antenna (AMA), Laser Altimeter, and Laser Ranging are operated 
for the duration of each pass over the Continental E.S. , the SI90 and the Thematic Mapper might be used 
outside the E .S. , so potential passes ever South America are shown. EEE and AMA devote a portion of 
their time to ocean coverage, as illustrated by the two Pacific passes udiicb appear in the timeline. The 
Ozone Mapper and Solar Energy Monitor In Space (SEMIS) operate continuously. No operations for 





Figure 5-2 . General TFRSSE Mission Profile 
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Figure 5-3. Tj^cal Detailed Timeline, Configuration 1 
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Atmospheric Cloud Physics and Open TWT are shown; these relatively crew intensive activities are as- 
sumed to occur at times when tai^eted activities are at a minimum. 

A potential problem is bunching of activities over the Continental U.S. , a^ere nine sensors operate simul- 
taneously. This implies that these sensors should be fairly well automated and/or gang controlled. Ex- 
periments that operate in "off' periods can be less automated or more crew intensive, as is the case with 
the Atmospheric Cloud Physics and Open 'fWT. 

Configuration 5 combines a satellite delivery with three TERSSE sensors. As shown in Figure 5-4, satel- 
lite deployment occupies the first twelve hours on orbit; after that the flight can be devoted to TERSSE opera- 
tions. The TERSSE sensors axe assumed to operate over the continental U.S. with poteitial use outside 
the U.S., as was the case with Configuration 1. A problem with this configuration is the relatively poor 
utilization of mission time during the TERSSE portion of the flight, since a significant portion of each day 
contains no presently identified target areas. 
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Figure 5-4. Configuration 5 - Mission Profile and Timeline 
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5.3 INTEGRATED FLIGHT PROGRAM 


The first step in establishing an integrated flight program is to assess commonality among flight dat. - 
What is required is the tailoring of a flight schedule udiioh both fits the individual nalssion requirements and 
also meets realistic physical accommodation and flight cost constraints . The desired scheduling for the 
five representative missions is shown in Table 5-2. The configurations are used in which all missions can 
be flown together, a minimum total of eight flights would be needed to meet tUs schedule. Tv/o versions of 
the integrated Flight Program were analyzed: one version employs the maximum number of integrated 
Spacelab facility flights; the other constraints E^acelab flight to two per year and uses the SEOPS to com- 
plete the schedule. 

j 

f 

I 

I TABLE 5-2. FLIGHT SCHEDULING 


MISSION 

NO. 

FLIGHTS 

FIR 

ST SHUl 

rTLE YEAR 

SECOND SHUTTLE YEAR 1 
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SUM 

■Ml 
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The maxUnum integration case meets all five missions' requirements by joint OA ^acelab facility flights. 

A more reasonable availability of OA flights is two per year with four to eight months separation between 
flints. At this rate it would take at least four years to meet all of the mission requirements for the 5 
missions analyzed, v*ich is twice as long as desired. It could take longer due to limited flexibility with 
respect to flight opportuidties. This case also has the disadvant^ of coupling season-critical application 
development missions with research flights . To relieve the problem of excessive OA Spacelab facility 
flight frequency, the application development mission sensors can be mounted on a SEOPS bridge and 
flown separate from the research sensors where appropriate. This increases flight opportunities and 
schediling flexibility since only the research mis^ons would be constrained to two OA flights (those two 
with Spacelab) per year. 

A major question concerning mission combination is EMI compatibility of SIMS and SAR. Figure 5-5 illus- 
trates the relative frequency positions of SIMS (11 receiver frequencies) and SAR (2 transmitter frequencies 
and harmonies) . Factors to be considered in assessii^ SIMS/SAR EMI compatibility include antenna 
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Figure 5**5. SAR/SIM Electromagnetic interference Compatibility 

patterns and system proximity, accounting for spillover and back lobes. Transmit/receive energy, 
(fund am e nt al or harmonics) including sidelobes and look angles, must be considered. Serious prob- 
lems can be solved through mutually exclusive operations or time-shared/sequehced operation, but 
joint operations are desirable. Further study of the two designs and their integration is warranted. 

Under conditions of no flight frequency constraint and s^arate SIMS and SAR flights, ibe flve^mission 
integrated flight program will require eight ^acelab fli ghts and one SEOPS flight. A Summary of this 
flight program is given in Figure 5-6. All mission requirements are satisfied In two years. (The pro- 
gram woidd require approximately four years at a flight frequency of two Spacelabs per year.) 

By flying SIMS and SAR concurrently and maldng maximum use of SEGPS as a gap filler, the five- 
mission flight program can be accomplished with four Spacelab flights and three SEOPS flights. This 
assumes that the dual soil moisture flight in the first quarter of year 2 can be accomplished by on-orblt 
reconfigurations during a single flight; otherwise an additional ^acelab fllglt will be required. A sum- 
mary of this flight program appears in Figure 5-7. All mission requirements are satisfied in the de- 
sired two years. 
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Figure 5-6. fiitegrated Flight Program 1 
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SECTION 6 


data processing 


The processing of Earth Resources data has now been recognized for several years as a critical part of 
the development process. Data processing forms the critical link between the sensors and flight opera- 
tions used to gather the data and its use to meet the objectives of an Earth Resources mission. The 
critical nature of data processing will become even more important in the Shuttle era^ In particular, the 
first few years of Earth Resources flints by the Shuttle require special attention because of both the highly 
varied nature of the developments vMch vdll be served by Shuttle and the fact that the use of Shuttle is 
itself a new and different means of collecting Earth Resources data. 


Table 6-1 summarizes the considerations of present importance in this regard. The types of mission 
objectives to be met are more widely varied than with current Earth Resources platforms; the variety of 
objectives makes more complex the decisions on data processing Qow paths and the spectrum of accuracy 
and timeliness requirements which must be met. 


TABLE 6-1. FIRST TWO YEARS OF SHUTTLE - DATA PROCESSING 


WIISSJON OBJECTiVES WIDELY VARIED 

- PHYSICAL SCIENCE - SOIL MOISTURE 

- ENGINEERING - SAR DEVELOPWIENt 

- APPLICATION DEV. 

USER INVOLVEMENT IN PROCESSING VARIED 

- PRINCIPAL INVESTIGATORS - SDIL MOISTURE 

- ENGINEERS - SAR DEVELOPMENT 

- RESOURCE MGRS - APPLICATIONS 

SOME EQUIPMENT COMMON, OTHER UNIQUE 

- INTRA PROGRAM COMMONALITY 

- INTER-PROGRAM/EXOGENOUS DESIGNS 



CURRENT UNDERSTANDING: 


AFFECTS DECISIONS ON 
PROCESSING FLOW, ACCURACY, 
TIMELINESS 


AFFECTS DECISIONS ON IN-HOUSE 
VS OUt-HOUSE, SEPARATE VS. 
INTEGRATED FACILITY 


IMPACTS COSTS OF ALTERNATIVE 
APPROACHES 


• SAR, TM REQUIRE SPECIAL PURPOSE EQUIPMENT; MOST OTHER PROCESSING 
IMPLEMENTABLE IN SOFTWARE OR WITH STANDARD EQUIPMENT 

• SIGNIFICANT COST ADVANTAGES ACCRUE FROM CO-LOCATION, BUT OPERATIONS, 
USER INTERFACES MORE DIFFICULT 


THE EARLY SHUTTLE ER PROCESSING SYSTEM IS A KEY ELEMENT - 
FURTHER STUDY OF ITS CONFIGURATION IS REQUIRED. 



The level of involvement of the users in the processing itself will be varied as a result of the di^erent 
types of tnissions; technique development and sensor development data processing will necessarily be 
carried out with the user (scientist or sensor developer, respectively) much more involved with the inner 
workings of the instrument itself than for those missions whose users are resources managers. The 
architecture of the Shuttle Earth Resources data processing facility is affected by this variability of user- 
involV* m€ nt; the degree of hands-on control by the user should influence the choice of ownership and 
location of the facilities. 

A third issue which must not be lost sight of, is the ability of Shiatle Earth Resources data processing to 
profit from a growing body of processing equipment already in eaistance or under development for use with 
other Earth Resources platforms. The costs of implementii^ a series of Shuttle Earth Resources mis- 
sions, such as discussed in this report, will In no small way be governed by the need to process the data. 
Sharing equipment among each of the Shuttle missions and among the different Earth Resources programs 
is warranted to the extent that it does not compromise the buttle Earth Resources mission objectives. 


The processing of data from all Shuttle flights (not just those for Earth Resources purposes) is a question 
which has massive implications and which demands creative and reallstio attention^ The projected volume 
of such data is sufficiently large to require totally new qiproaohes to its handling once back on the ground 
au^ even during Its collection in orbit. The processing of Earth Resources data is a portion of this larger 
problem which possesses several unique driving requirements (e.g. data rate). Its solution must be under- 
taken early, in parallel with both the design and development of the individual Earth Resources payloads 
and the refinement of the overall philosophy of how the Shuttle is to be utilized to sig>port further Earth 
Resources developments. 

The five missions analyzed in this report provide a good framework for discussion of the foregoing Issue, 
for these missions are sufficiently varied in their characteristics to require attention to the entire rai^ 
of data processing system drivers which will be present during the critical first two years of Shuttle Earth 
Resources flights. Figure 6-1 illustrates the division of the processing requirements for the reference 
missions into four classes of processing. Each class of processing presents its own unique set of require- 
ments in terms of methodology, hardware and algorithms. In addition, a unique set of mission^peculiar 
requirements is Bigjerimposed onto these basic sets, The purpose of this analysis of data processing re- 
quirements Is the description of top level fimbfional requirements to satisfy the data processing needs of 
the five selected missions and the preliminary definition of a Shuttle Earth Resources Data Processing 
Paoillfy concept. 
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Figure 6-1, Shuttle Sensor Data Processing GlasBes 

6.1 PREPRQCESSING 

The sensor dependent preprocessing facility for the Shuttle missions will provide those functions necessary 
to perform: 


• Data Editing and Quality assessment 

• Radiometric and Geometric correction of Thematic Mapper and SAR data 

• Conversion of SAR digital data into imagery data 

• Correction and conversion of spiS data into brightness temperature images. 

All processing and correction of the data vdll be accomplished in the digital domain to achieve the desired 
output product accuracy requirement and to satisfy the needs of the particular user community that performs 
digital extractive processing to derive information from the data. 


Data Editing and Quality Assessment 

A postr^fUght assessment of the data recorded on board the Shuttle Is necessary to identity regions of useful 
data and to determine their characteristics for cataloging and processing scheduling. Parameters to be 
determined include such characterlstios as data signal quality, cloud cover, and failed detectors or other 
sensorT.related parameters. In addition, a reformatting function must be performed to produce a serial 
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data stream that has a format which Is optimized £L>r ground processii^. For ex^ple, the output format 
of the 'Thematic M^per must be band-tn-band registered, spectrally interleaved, and linearized (all 
pixels along a straight line in sequence) prior to its entry into the subsequent radiometric and geometric 
preprocessing functions. 

Radiometric .Gorrection 

Radiometric correction of each of the sensors includes the following functions: 

• Calibration of the received intensity in units of signal radiance or power. 

• Normalization of inter-detector variations to a common standard. 

Thematic Mi^per radiometric correction involves the calibration of each digital pixel by use of internal 
sensor calibration data obtained from calibration lamps and recorded as part of the primary image data 
stream. The process requires the stripping out of the calibration pixels, the calculation of a calibration 
function, and its application to the image pixels as a multiplier. 

Radiometric calibration of the Synthetic Aperture Radar ^AR) Is accomplished by computing the ratio of 
return power to transmitted pOwer. The use of ah attenuated transmitter signal which is measured by the 
receiver provides the basic Calibration reference v^oh is stripped from the yideo data stream recorded 
during orbital operation pid used to prepare the calibratibn function, A second radiometric processing 
step to be taken for selected images is the calculation, for each pixel, of the scattering coefficient, 

0^. This is performed by solving the radar range equation. Inputs are the transmitted and received 
power levels, slant range, and atmospheric attenuation correction factors. 

The Shuttle Imaging Microwave System (SIMS) also requires the use of an Independent calibration source 
to provide an Intermitt^ nt reference for post-fUght-callbration. SDVE is a totat-power radiometer in its 
present configuration in which the Barth-radiated signal is not chopped with a calibration source many 
times during each pixel reading, as with a Dicke-type radiometer. The total power radiometer provides 
a greater signal -to -noise ratio than the Dicke-^e but demands greater stability of the radiometer 
receiver. The calibration operation, as with the other sensors, reqiiires the stripping out of the calibra- 
tion data stream, the calculation of the calibration function, and the application of it to the radiometer 
pixels in each of the eleven frequency bands to produce T|), brightness temperature. 

Geometiic Gorrection 

Geometric correction of each of the sensor data streams is required to reconstruct the pixels In a geometric 
configuration which usefully represents the earth surface which has been imaged. To be accounted for are 
the attitude and attitude rate errors of the Shuttle, the distortions produced by ofi-axis pointing, if any, 
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earth curvature, and qiparent displacement caused by terrain relief. Geometric processing of the Shuttle 
Garth Resources sensors produces the important crjality in the resulting im^ry of siQierlmposability 
which permits th(3 6-channel TM, the 11 -channel SIMS, and the 4rchannel SAR to be used in a cooz^ihated 
fashion with each other and the film data. 

The Thematic M^er and SAR data vrill be corrected for all of the foregoing factors* by complete digital 
resampling of each band of the image. The use of ground control point selected from the raw imagery will 
provide the primary reference with the Garth. Ancillary data will include attitude and ephemeris data 
peculiar to the flight and topographic data, where available from external sources, for terrain relief dis- 
placement correction. ** 

Geometric correction of the SIMS data should not require resampling of the image pixels, as the ground 
resolution of the SIMS is on the order of kilometers. Reassignment of the existing pixels to new addresses 
can be based on a correction function generated using the same i]:q>ut data as for the other sensors without 
concern for terrain relief displacement in most instances. 


6.2 EXTRACTIVE PROCESSING 

Extractive processing of the Shuttle Earth Resources sensor data will involve a wide variety of techniques. 
Some will be peculiar to a particular sensor and involve only it, such as the analysis of SAR s^nal data to 
determine transmitter, antenna, and receiver engineering performance. Others will be general-purpose 
and will not only be useful for several sensors individually but will also involve the use of multi-sensor 
data. The most exciting of the latter type is simultaneous multispectral analysis of data from the several 
spectral regions, active and passive, provided collectively by the SIMS, SAR, and Thematic Mapper. 

Special-Puipose Extractive Processing 

Because of the developmental nature of the Soil Moisture and SAR Development missions, a substantial 
amount of data analysis will be performed on small individual sets of the sensor outputs. In the case of the 
Soil Moisture mission, regression analysis and other correlative modelling techniques will be used to relate 
soil moisture as a function of depth and cover to the data from the various sensors involved. The ^roach 
to soil moisture signature development described in this study involves the use of a wide variety of active 
and passive, polarized and unpolarized sensors in both the microwave and visible/lR spectral regions: 

SIMS, TM, SAR, photopolarimeter. Spot data from all these sensors wilt be combined with ground 
truth and exhaustively analsrzed to determine the dominant measureable characteristics. 


* Terrain relief displacement for the nadir-looking Thematic Mapper will not be corrected in many 
applications. 

** The film cameras to be carried can provide such data from stereo pair photography. 
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In the case of the SAR ^eoial-puipose extractive proceasUig, the concern is primarily one of engineering 

I ) 

performance. Here again, spot data representii^ the rai^ of parameters such as antenna temperatures, ' 

atmospheric conditions, transmitter power, and receiver temperature will be selected and exhaustively 
analyzed to determine the SAR orbital performance and to compare it to design and ground test predictions. 

One of the key elements in this analysis will be the four^band calibration of the radar over the range of 
conditions under which it will be operated. The future utility of the SAR in applications development will 
largely depend on this calibration. The special-purpose extractive processing so described will be per- 
formed primarily through the use of tailored software on general-purpose machines to afford the flexibility 
required to meet unforeseen discoveries. 

Multispectral Analysis 

The three Applications Development missionB wiU require heavy use of multispectral analysis of Thematic 
Mapper data on a machine such as the Image 100. The analysis of the combined properties of the multi- 
spectral Images in a rapid, interactive manner is the primary tool igKjn which the development of these 
applications depend. 

Development of parameter estimation procedures for multispectral stratlffcation of forest land classiffcar- 
tion techniques for urban land cover categories, and image enhancement procedures for geological inter- 
pretation are key to the exploitation of the higher resolution multispectral data provided by the Shuttle- 
borne Thematic Mappers. j' \ 

In addition, the existence of SAR, SIMS, and TM data taken simultaneously from orbit over identical or 
overlapping regions will affi>rd the opportunity for multi-sensor multi -spectral analysis. The special- 
purpose processing of soil moisture data referred to earlier will be complemented by a broad-based 
multi-spectral image analysis effort where the combined twenty-one channels of data from the three 
imaging sensors, SIMS, SAR and TM, will be used to generate parameter-estimation algorithms for soil 
moisture and to extend the point data from the special-purpose analysis to larger geographical regions for 
evaluation. 

6.3 INTERPRETATIDN OF PHOTOGRAPHIC IMAGERY 

Photointerpretation Is essentially a manual process, relying on the skill and experience of a trained photo- . 

interpreter, with some machine assistance, to extract the desired information. The cameras of the 
Shuttle Earth Resources mission will provide valuable detail, stereo capability, and the imagery for base 
pbotomap preparation. 
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The data processing reqtdrements of the three applications development missiohs require photointei^reta- 
tion to perform the following functions: 

• Evaluate stereo pairs to determine and map geological lineaments and other features, 

• Perform aerial ai^ linear measurements on forest strata to determine strata extent and tree 
size. 

• Evaluate photogrcqphic Images for cultural and other indicators of urban land use. 

These functions will be performed manually using such equ^ment as vievdi^ tables, a stereoplotter and 
coordinate digitizer, and a flatbed plotter as aids in interpretation and preseia:ation of results. In addition, 
the multispectral analysis system will have the capability of acceptii^ ii^uts frOm the digitizers to permit 
registration and conqiarison of the tya> ty{%s of data. 

6.4 SHUTTLE ER DATA PROCESSING FACILITY CONCEPT 

The combined requirements of preprocessing and mdractive processing of the Shuttle Earth Resources 
missions are sufficiently demandii^ to make attractive the investigation of a single combined facility where 
the bulk of the processing would be accomplished and where a maximum amount of equipment and personal 
commonality can be maintained. Such a concept is illustrated in Elgures 6-2 and 6-3. The Preprocessing 
and Analysis Segment of the Shuttle ER Data Processing Eaclllty contains both the high-data-rate special 
purpose hardware necessary for the TM and SAR and a>mputer peripheral equipment driven by the 
general-purpose computer shared with the Extractive Processing and Analysis Segment. The latter con- 
tains, as well, the miiltispectral anal^er and Rim analysis equipment necessary to perform combined 
analysis of the various electronic and Rim data formats of the Shuttle Earth Resources sensors. 

Much of the hardware illustrated in the concept either exists or is under development. The Preprocessing 
and Analysis Segment contains video and highniensity t^e recorders and special-purpose TM hardware 
which will also be used in the Landsat Program; a hard-copy unit, CRT, line printer, storage disc unit, 
and t^e deck which are off-the-shelf; and special-purpose SAR hardware for dlgital-to-Rlra conversion of 
radar imagery. The TM spedal-purpose hardware for radiometric and geometric oorreotton can be 
edited to be shared with the SAR data. 

Similarly, the Extractive Processing and Analysis Segment contains hardware similar to that now pur- 
chasable. Some modlRcatlon to the bnage 100 Multispectral Analyzer wlU be required to provide for multi- 
sensor multispectral analysis but no major development will be required to produce such modifications. 

The value of the early Shuttle missions defined in this report stems from the breadth of the advances 
possible by carrying a rai^e of sensor types. And these sensors require a broad range of processing 
functions to be carried out. But, through the use of common equfoinent In a central location and close 
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Figure 6-3. Shuttle ER Data Processing Facility — Extractive Processing and Analysis Segment 


i j i attention to proyldlng the necessary flexibility in processing facility scheduling and operations, the needs of 

the missions can be met without major new equipment R&D. The avoidance of equipment R&D costs is 
important, for it permits the allocation of R&D funds to the area of technique and new procedure develop- 
ment so Critical to the success of the set of Shuttle Earth Resources missions. 
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SECTION 7 

A COST ANALYSIS OF SHUTTLE AS AN OPERATIONAL EARTH RESOURCES PLATFORM 
The use of the Space Shuttle in the sortie mode as an Applications Development platform must be based on 
its ultimate potential for performing operationally the missions which are developed. Thus, while the use 
of the Shuttle in an R&D mode may be Justified on grounds other than cost-effectiveness (such as its avail- 
abilify for flints at a desirable time) no mission analysis of the Shuttle (or any other platform) would be 
complete without a . portion beii^ devoted to a comparison of the costs of performing the intended operational 
mission with alternate means. 


7.1 APPROACH 

Five major considerations governed the approach used in this cost analysis: 

• The context of the operational missions wds taken to be the early 1980'e and therefore 
alternative platforms were narrowed to high^-altitude aircraft; polar spacecraft were excluded 
as being incapable of 10-20 meter multispectral electronic data acquisition and high resolution 
film data acquisition during that timeframe. 

• The cost comparison with aircraft was conservatively based on data acquisition costs alone with- 
out regard for processing costs. The latter costs, while not analyzed during this study, * may be 
described as at best equal for aircraft and the Shuttle and almost certainly significantly hi^er 
for aircraft as a result of the more extreme view angles and larger number of image frames or 
swaths which must be corrected and combined. 

• Data acquisition costs result from two major sources: fli^t operations and the procurement cost 
of sensors. The analysis of each platform was structured to keep separate these two cost 
elements. 

• The basis for comparison used in computing cost data was the ability of each platform to provide 
lOr-meter IFGV data over a given area. No value was added for, in the case of the aircraft, the 
ability to provide better than lOni IFOV data nor, in the case of the Shuttle, the abiliiy to provide 
such data in a one-week flight rather than the three months assumed for aircraft data gathering. 

• since the operations considered span only a two year time period all costs are computed in 1975 
dollars, without regard for the effects of a particular discount rate. 

One further consideration was acknowledged in the structuring of the approach: the need for generalization 
to conclusions concerning the cost-effectiveness of Shuttle for many missions ffrom the results of analyzing 
but a few. The three application development missions selected for study (Timber Volume Inventory, 
Regional/Urban Planning, and Mineral Exploration Survey) are but representative of the many missions 


♦Nichols et. ai. reported in "Cost Effectiveness Comparison of Existing and ERTS-Based Timber Re- 
sources Inventory Systems ". NGL05-003-404i" that the cost to carry out a timber vo fume inventory of the 
million-acre Plumas National Forest using LANDSAT data were roughly half (4^/acre) the costs of con- 
ventional aerial and ground methods." It is significant to note that, in the referenced work, imagery 
acquisition costs were not included - a merging of that effort and the one reported herein could produce 
a more complete picture. 


which can be performed by the Shuttle in the early 1980's. Since the Shuttle, as with all space platforms, 
i has a cost-effectiveness which is very sensitive to tibe volume of data collected, the cost analysis of these 
I missions must therefore be performed in such a manner that some amount of generalization to larger 

i 

I numbers of missions may be made. This generalization is provided throu^ the approach to first, perform 
a cost analysis in a single mission and ttien a similar analysis of the three missions as an aggpi^egate. The 
flight frequency and volume of data resulting from the single mission tested the cost-effectiveness of 
Shuttle in the area of its "initial minimum increment" of work. The three aggregated missions will have 
jointly a substantially higher volume of data and provide a cost-effectiveness test of shuttle in the mid- 
range of its region of superiority. £xb;apolation to larger numbers of missions from these two points is 
straightforward. 

7. 2 SHirrTLE COST ESTIMATING HELATIONSHIPS 

The cost for acquiring data for an applications mission by Shuttle m^y be subdivided into (1) those asso- 
ciated with the acquisition of the required sensors and (2) those associated with the transportation of the 
sensors into orbit, their operation there, and their recovery. Of the two, the costs of Shuttle flight opera- 
tions are the less well-defined and it was to this area that the greater amount of study was devoted. 

i 

7. 2. 1 SHUTTLE FLIGHT OPERATIONS COST ELEMENTS 

The Shuttle is significantly different from expendable boosters in such a large number of ways that few 
current bench marks for developing user cost schedules exist. Its large wei^t-cariying capacity and 
I other physical resources lend themselves to multiple-user payloads to whom some apportionment of charges 
must be made. Shuttle's high inflight flexibility and the large array of services which it can furnish makes 
additionally complex the subdivision of chargee among users. And the intact recoverability of the shuttle 
with its payloads is a feature for which the value (and hence the down-fli^t charges) is largely unestablished 
j in any quantitative way. 

i ■ 

i 

The simplest model, and the one in "current" use for such effort as the Earth Observatory Satellite Phase B 
I Study in 1974, is based on the resource of Shuttle payload wei^t. Several variations of this model have 
been used; all are bas^ On a strai^t-Iine charge in dollarsAilogram (or pound) and differ only iii their 
assi^unent of overhead payload wei^t. Table 7-1 contains two such models. Model #1 is useful for auto- 
i mated spacecraft delivery, retrieval, and servicing analysis. It presumes the equivalence of value of a 
I kilogram delivered to orbit and a kilogram retrieved &om orbit (which is subject to question. ) It includes 
■ as overhead an 0. 8 utilization factor (to allow for the fact that the Shuttle will not fly totally full 100% of the 
I time. ) Other "overhead" charges such as pallets, cradles, or the Spacelaib are chargeable directly as a 
component of Model #2 has been tailored fOr use on Spacelab sortie flights where the entire payload is 
I recovered. The existence of the Spacelab and pallets as the host to the ’’payload" is assumed to consume as 
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"overhead" 7900 Kg (17, 500 Ib) of the 14,500 Kg (3^,000 B>) maximum landing wei^t, leaving 6600 Kg 
(14, 500 Ib) as chargeable user payload wei^t The payload which naust be included in the charging sched- 
ule is thus only the sensors or experiments themselves and their associated tmlgue support equipment. 

A second type of user charge model Is the Multi-Element Model, where the services provided by the 
Shuttle are more explicitly allocated and charged either according to their cost or to achieve desired in- 
centives toward their use. One of the more complex of such models, under development by GE, is illus- 
trated in Table 7-2. The total costs are computed by those incurred in each of three phases pf the flight: 
up-transport, on-orbit, and down-transport. These three phases are, in turn, subdivided into cost 
elements which allocate the costs of the se^ices or resources utilized. The particular coefficients used 

TABLE 7-2. MULTr-ELEMENT SHUTTLE USEB COST MODEL 




TOTAU FLIGHT GOST = 


1 Cj = UP TRANSPQHT COSTS 

= KjV + KgW^ 


• 

VOLUME (V)i Kj 

= $13,7S7/m3 


i • 

WEIGHT (W ): K„ 
' u' 2 

= SlOB. 81/Kg 


C = ON-ORBIT COSTS = K„ e T + K.. D + K P 
2 3 4 5 6 

■ CREW TIME (C): Kg = $6446/MAN-HOUS 1 

• SPECIFIC eOEFFieiENTS HAVE BEEN 
DERIVED BASED ON POSTULATED 
INGENTIVE/DISINCENTIVE RATIOS 

• 

• 

• 

data transmission {T): = $4286/MHz 

data processing P): Kg = S2. 36AVOHD STORAGE 
POWER CONSUMED (P): K„ = $172l/KWh 

o 

• THE GOST COEFFICIENTS CAN BE 
adjusted EASILY WITHIN THE 
STRUCTURE OF THIS GENERALIZED 
MODEL 

Cg = DOWN TRANSPORT COST = 


• 

weight (Wjj): = 

$184. 44/Kg 











here have been generalized using the current NASA TraKio Model (1973) and are based on two considera- 
tions: 

- recovery of all operations costs on a year-by-year basis (as is currently done in other trans- 
portation industry rate structuring) rather than on a fll^t-by-ftight basts. 

inoentivation of the efficient use of the total cargo bey up-volume and onboard processing of data 
to reduce ground processing costs. 

7. 2. 2 SHUTTLE SENSOR COST ELEMENTS 

The requirements of all three application development missions are met by the use of a 10-20 meter IFOV 
six-ohannel multispeotral scanner with associated recorder, a bt^-resolution large-format film camera 
such as the &-190B> and a hi^-resohition multi-specbral camera such as a modified S-190A. Table 7-3 
contains the acquisition cost ?alues used in the analysis for these hardware items. 

Two methods were used in aoooimting for the Shuttle sensor costs: 

a) a wholly-owned method, where the full acquisition costs of the sensor paofcage are borne by the 
mis8ion(s) served. 

b) an amortizing method, where the acquisition costs are allocated to the missions on the basis of 
the total flight life of the sensor package. 

The wholly-owned method is the more conservative, as it does not rely upon an assumption of other mis- 
sions generating demand for the use of the sensor pack^e over its useful lifetime. The annual flight rate 
(10 per year) and the package lifetime (5 years) used for flie amortizing method are, however, very con- 
servative by current standards(l) and result in more realistic sensor costs. 


TABLE 7-3. COST VALUES t^ED FOR SHUTTLE SENSORS 


ITEM 

ACQUISiTION 

COST 

PER-FLIGHT 

AMORTIZED 

COST* 

ASSUMPTIONS 

MULTISPECTRAL SCANNER 

$3M 

560K 

MODIFICATION OF PROTO-TYPE, 
THEMATIC MAPPER (MULTIPLE UNITS 
NOT REQUIRED) 

RECORDER 

$1M 

S20K 

IDENTICAL TO LANDSAT-D MODEL 

CAMERA PACKAGE 

S2M 

$40K 

MODIFICATIONS TO S190A AND B 
(INCLUDE PRESSURIZATION PROVISIONS) 


♦BASED ON 10 FLIGHTS/VR FOR 5 
YEARS. 


^ ^For example, the current HR-732 cameras in use by NASA on the U-2 aircraft are well over 10 years 
old and fly several times as often as the foregoing flight rate^ 


REPRODUCIBILITY Of THE 
PAGE IS Poor ^ 











7.8 AmCRAJTT COST ESTIMATING RELATIONSHIPS 

As with the Shuttle, &e costs for gathering data for an applications mission by aircraft may be subdivided 
into the acquisition costs of the sensors and the fli^t operations associated with their use over the areas 
of interest. A substantial body of information exists on this subject, in contrast to the situation with the 
Shuttle. Models developed by Cheeseman^^^ are specifically tailored for cost/performance analysis of 
Earth Besources missions such as the three under consideration here. 


The performance element which is used to calculate operations costs is die flight hour. For n given nay of 
data acquisition for an application, the total fli^t time available is consumed as climb time, level flight to 
the first target (if not reached during the climb), flight time to collect data froin the first target, level 
flight to the second target, ami so on, and descent time (with additional level flight time if the descent does 
not bring the aircratt within the base flight pattern). 


( 2 ) 

Data collection flight time for each target is obtained by a set of algorithms' ' which are used to first cal^ 
culate the geometric relationship between the aircraft and the target (covering such questions as: are 
multiple passes required?) and second to calculate the flight times involved in series of targets. The input 
data to the algorithms is a Target Variable Set and an Aircraft Variable Set; the abbreviated version &om 
the Cheeseman model used in this analysis is listed in Table 7-4. 

TABLE 7-4. TARGET AND AIRCRAFT VARIABLE SETS 


lex - LENGTH OF TARGET, Km 
WID - WIDTH OF TARGET; Km 
LAT - LATITUDE OF TARGET, DEG. 

LOS - LONGITUDE OF TARGET, DEG. 

UNC - RADIUS OF UNCERTAINTY OF KNOWLEDGE OF T.ARGET LOCATION, Km 
ODL - PERMISSIBILIIY OF OBLIQUE VIEWING 

FOV - MAXIMUM ALLOWABLE FIELD OF VIEW (HALF-ANGLE) OF SENSOR, DEG. 

LO.S - maximum angle of the sensor LINE-OF-SIGHT wrni local vertical DEG. 

RES - spatial nESOLUTIOX REQUIRED, m 

■MOS - PERMISSIBILfTY OF MOSAICS ON THE FI.VA L IMAGE 

eve - CYCLE TDIE FOR REPETITWE .ACQUISITION OF data, DAYS 

DUR - .ALAXDIUM DURATION OF SEXSI.XG PERIOD FOR ONE COMPLETE CYCLE, DAYS 

V - AIRCRAFT SPEED. Km HR 
H - AIRCRAFT A LTiriTIE. Km 

M - .MAXI.MUM NUMBER OF IFOV ELEME.XTS IN SWATH 

L - TIME TO eO.MPLETE A ISe^ TURN FOR .MULTIPLE FLIGHT LINES, MINUTES 

Cheeseman, C. E, , "A Cost/Performance Analysis of Aircraft and Satellites Used As Earth Resources 
, . Survey Vehicles, " Ph, D dissertation. University of Pennsylvania, 1973. 

''^^Those interested in a complete description of the algorithms and their use are ref03?red to Cheeseman 
(1973), Proceedings of the Am. Soc. of Photogrammetry Conference on Earth Resources, Sioux Falls, 
October 1973. 
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The operations cost unit is the flight hour; the cost per flight hour used in the analysis was $1600/hr(l) 
which includes fuel, maintenance^ and drew (and is very much equivalent to the $10. 5M cost per Shuttle 
flight. ) Sensor package costs were treated^ as for the Shuttle sensors, in both wholly-owned and amor- 
tizing approaches. The sensor cost values used are contained in Table 7-5. 


TABLE 7-5. COST VALUES USED FOB AmCBAFT SENSORS 


item 

ACQUISITION 

COST 

PEE FLIGHT 
HOUR AMORTIZED 
GOST* 

ASSUMPTIONS 

200 pR SCANNER 
AND RECORDER 

$2M each 

$400/HH 

6-8 BAND, GRYO-COOLED 

70 MM 

MULTISPEGTRAL 
CAMERA (G-BAND) 

$1. 5 M each 

$300/HH 

SIMILAR TO AIRCRAFT VERSION OF 
S190A 


* BASED ON 1000 FLIGHT HOURS/YE FOR 
5 YEARS 


7,4 COST ANALYSIS 

Data acquisition costs for the three missions were analyzed as follows: 

The costs of performing the Eegional/Urban Manning mission were first obtained to provide 
comparison of the Shuttle and aircraft on a basis most favorable to the aircraft; a single 
mission, and one which involved scattered point targets. 

The costs of performing the aggregated tliree missions were then obtained to indicate the com- 
parative cost trends for the two platforms as additional data collection volume is added to their 
requirements. 

7.4.1 COST ANALYSIS DESCRIPTION 

The cost analysis was structured according to the sequence illustrated in Figure 7-1. Each of the steps in 
the sequence, explained in the following paragraphs, is keyed to a number on the figure. 

The analysis began with the assignment of values to the Aircraft Variables (1) and the Target Variables 
(2), The values used are contained in Table 7-6. 

The Spatial Relationships (3) are used to relate the geometry of the target to that of the aircraft altitude 
and sensor swath to produce the number of swaths to image each target. The Aircraft Variables and the 
Spatial Relationships are both used as inputs to a set of flight time algorithms which produce Aircraft 

^^^Pr ivate conversation with Edward GomersaU, NASA/AMES Research Center, California. 
















Figure 7-1. Cost Analysis Sequence 


c ■ Gliinb and Bescent Time (4), Aircr^ Mer-target Time (5) for non-contiguous targets» and Aircraft Data 

I Collection time (6). These elements of fU^t time are obtained by comparing the required flight path with 

I: ' the aircraft performance dynamics such as climb time, speed, and turn time. The resulting calculations 

f; of flight time are used to obtain a Total Aircraft Flight Time (8) by summation of (4), (5), and (6). The 

I number of Aircraft (7) are obtained by dividing the required flight time by the possible flight hours per day 

' per aircraft and an aircraft utilization factor for spares and down-rate. 


s Althou^ not necessary for tiiis analysis, as no special aircraft basing costs would be Incurred, the model 

provides for calculating the Number of Aircraft Bases (9). Aircraft Fixed Costs (10) are then calculated 
P from the number of aircraft (and thus sensor packages) required. Aircraft Operating Costs (11) are ob- 

j;; ■* tained from the total number of flight hours and the aircraft flight hour rate. The Total Aircraft Costs (12) 

I; are the sum of (10) and (11), 

h' 

V': The sequence to obtain Shuttle costs begins by using the Target Variables (2) and Shuttle Variables (13) to 

t determine the Schedule of Shuttle Flights (14) required to carry out the data acquisition, A portion of this 

■ 

ff: determination includes the use of Shuttle altitude and orbital parameters in combination with the target 

t-r. ■ 

variable LOS to determine that all targets are accessible. This step was carried out as a separate orbit 
selection analysis (Section 4); the resulting orbit permits access to all targets for these (or any other) 








TABLE 7-6, 


TARGET AND AIRCHAFT VAEMBLE VALDES DSED FOR GOST ANALYSIS 



VARIABLE 

REGIONAL urban 
PLANNING 

ACailEGATED TIMBER 
VOLUME ISTENTCinY. REGIONAL 
URBAN Fl-VNMNG» MINERA L 
rXPlORA ITOX SURVEY 

REMARKS 


LEX. Kin 

ID i.\\'C\ 

iM.vion cfiM lui'ors area? or j 

jsiNGLE AIRCRAFT rLIGHT LINE REOL'BIE rOH All. BUT 5 


\vm, Km 

IDiAVGl 

1 V.S., f 

(crriEii TiiEiiEi'OitE I'.viitEr 4IZE K.AM'.i. ,Nui ro?T nntvEn ruit vhb.ax ni:i', pla.'.nssc 


LAX, DEG 

jl'NIFORMLV DISTRIIUTED) 

\4-t)X 10'^ Km-, DKPEKDING fis j 

(actual nisTRmrrjDX or cities APPnoxiMATEi) by uniform 


LON\ DEG 

JOVER continental T. ( 

fFUCWX CHOSEN. \ 

[distribution TO CALUUU I E IXrER-TARGET rUOllT TIME 

. 

UXC, Km 

' (1 . ' 

' n ' 

NO TARGETS REQUIRE CUEW SEARCH TO ACQUIRE 

li 

OBL 

YES 

YES 

OBUOl’ITV PEI1.M!TTK15 TOR ErnCIKNT onOU AI. ACCErS; MU' HEfA'IHED FOP AIHCHAFT 

S' 

FOV, DEG 

UNCONSTRAINED 

vxconstrained 

NO USER REQUIRKMUN r? IMPOSED UPON SENSOR VOX' - CONTROLLED BY M. RES 

. 5t 

LOS, DEG 

IS 

lo 

ODUQUn V OF 13' J’ERMH TED FOR EFnCILS'T ^>RBn‘Al ACCESS; NOT REQ'D FOR AIRCRAFT 


RES, m 

10 - 20 

JO - 2>- 


MOS 

YES 

YES 

MOSAICINR or AmCRAFT IMAGES PERMITTED FOR MUl TI-FUGin -LINE CITIES 


CVC, DAYS 

ISO «n COVERAGES REQ'Di 

FOREST; I'O i2 COVERAC.l-rsij 
MINERALS: OO (-1 COVERAOES'i 

HEI’E.VI' cycle IE JKMI-AXSI ,, I. FOH FMIKj J , EUDAX REC, 1>1.XC.: gi AR I Kni.Y FOR MISER, A I. 


DCR, DAYS 


0“ 

CUVERAOE FOR DXE CYCLE SIKIVU) BE COMPLETED RAPIDLY - 50 BA« MA.XIMUM 

% 

V, Km HR 

rOO 

•0<' 

TVPIC.ALOF MUDEHN. mCH-ALriTUDE AIRCRAFT .f-21 ■ 

H, Km 

20 

20 

TYPICAL or MODERN, HIGH-A LTl'J UDE AIRCRAFT iU-21 


M, ELEJlE^rs 

10.000 

10. OOP 

TYPICAL FOR ISfO MCI. iTSPKCTRAI. 4CAXXEH TECILNOI-CKiy .TIIELLAITC MAPPER1 

< ' 

l» MIX' 

5 

5 

^ J 



missions in the contiguous 48 states with a 15“ roll angle or less. Payload wei^t and other parameters 
(15), once judged compatible with Shuttle accommodations, are used to determine Individual Payload Ops 
Costs (16) for each fligjit. This result, when combined with the schedule of shuttle flights, produces the 
Shuttle Operating Costs (17) for the set of flints considered. Shuttle Fixed Costs (18) are computed from 
acquisition costs for the sensor package (s) required to meet the fli^t schedule. The Total Shuttle Costs 
( 19) are die sum of (IT) and (18), 

Althou^ not included in this analysis, the model provides for calculating the Information Transfer Quantity 
(20) to determine communication relay costs between ground sites once die data is returned to earth. 

7.4. 2 GOST ANALYSIS OF URBAN/REQUmED PLANNING MISSION 

The fli^t requirements for this Operational mission are the imping of the 160 U. S. cities with greater 
than 100,000 population (1970 Census used). Three coverages are required at 6-month intervals to obtain 
two- season and one-year change data. 


For the aircraft platform, since the targets are (nearly) uniformly scattered over the E. S. , the inter- 
target flight time between the 160 cities will comprise the majority of die fli^t hours required. The Inter- 
target flight time may be expressed as ; 


Ti = 


N - 1 


V 




for a uniform field of targets, where 

N = the number of targets 
V = aircraft speed 
A = the width of the field 
B = the length of the field 

LEN = the width (or length) of one of the targets (negligible) 
For large N ( >100) we niay approximate N - 1 by N, yielding 

^ V^Hf 

I " V 

and the inter -target time becomes 


^I = 


V2300 X 5500 X 160 


800 


= 56, 25 hr/ooverage 
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It should be noted that inter-target flight time inefficiencies, such as avoidance of clouded-over targets 
or adjustments of location by night flight to achieve desirable lighting angles for the next day's fli^t path 
will occur in real operations. These are accounted for here by the inclusion of a 90% efficiency factor, 
yielding a total adjusted inter- target fli^t time of 61, 8hr /coverage. 


The flight time to image each target, on the average, is 
IjEN 10 

^do^ " v ~ 0. 0125 hr/target/ coverage 

Thus, the total data collection time is 

T = 0,0125x 160 = 2 hr /coverage 

oc 

The climb and descent times of 0. 75 hr each provide for a data collection or inter-target flight time of 
5. 5 hr/day for a 7-hour sortie. The total fli^t time is thus 

T.^ = [61. 8 + 2] = 81. 2 hr/coverage 


or a total of 243, 6 flight hours for the three-coverage mission. 


The number of aircraft (and thus, wholly-owned sensor packages) required is found from 
T_ 


N = ^ 

A DUR X (5. 5 ) 


( 1 . 1 ) = 


81,2 


(1. 1) = 0. 18 aircraft (=1 aircraft) 


90 X (5, 5) 

It will be noted that this aircraft is underutilized by approximately a factor of five. 


Table 7-7 contains the aircraft costs for performing the Regional /Urban Planning mission. 


table 7-7, AIRCRAFT COSTS FOR REGIONAL/URBAN PLANNING MISSION 


THREE COVERAGES OF 81.2 FLIGHT 

HOURS EACH @ S 1600/HR! 3 x 81. 2 x 1600 

= $389,760 

ONE SENSOR PACKAGE @ $3.5M 

$3,500,000 

OR 

of 

243.6 FLIGHT HOURS OF ONE 
SENSOR PACKAGE @ $700/HR 

$170,520 

TOTAL COST, WHOLLY-OWNED SENSORS 

$3, 889, 760 

TOTAL COST, AMORTIZING SENSORS 

$ 560, 280 




Turning now to Shuttle operations coats for the Urb^/Regional Planning Mission the sensor weights 
may be seen from Section 4 to total 335 Kg*. The cjonservative inclusion of 200 Kg of "Overhead" weight 
is made to account for support subsystems and structure, yielding a total weight-to-orbit of 535 Kg. Thus, 
from the Straight-line Weight Gost Model, the costs are shown in Table 7-8 s 

TABLE 7-8. SHUTTLE COSTS FOR HEGIONAL/URBAN PLANNING MISSION 
COMPUTED FROM STRAieaiT-LINE WEIGHT MODEL 


535 Kg X $722/ Kg** = 386, 270 PER COVERAGE 

0PERATK>NS costs FOR 3 COVERAGES = 

1,158,810 

ONE SENSOR PACKAGE @ $6M = 6,000, 000 


OR 


3 FLIGHTS OF SENSOR PKG 


@ $120, 000/FLIGHT = 360,000 


TOTAL COST, WHOLLY-OWNED SENSORS 
TOTAL COST, AMORTIZING SENSORS 

$7,158,810 

$1,518,810 


The Multi-Element Cost Model approach produces results for the RegiOnalAlrban Planning mission as 
shown in Table 7-9, It will be noted that ho data processing or transmission are required of the Shuttle. 


table 7-9. SHUTTLE COSTS FOR REGIONAL/DRBAN PLANNING MISSION COMPUTED 
PROM multi-element COST MODEL 


1.26 m^ UP VOLUME @ $13,757 

= $ 17,333 

335 Kg UP WEIGHT® $108.8l/Kg 

= $ 36,451 

16. 8 KWh ENERGY @ $1721/KWh 

= $ 28,912 

30 hr. CREW TIME @ $6446Ar 

= $193,380 

335 Kg DOWN WEIGHT @ $184. 44/Kg 

= $ 61,787 

PER FlIGHT COST 

$337,863 

OPERATIONS GOST FOR 3 COVERAGES 

$1,013,589 

ONE SENSOR PACKAGE ® $6M $6,000,000 

OR 

3 FLIGHTS OF ONE SENSOR PACKAGE AT $120, 000/FLIGHT $ 360,000 

TOTAL COST, WHOLLY^WNED SENSORS 
TOTAL COST, AMORTIZING SENSORS 

$7,013,589 

$1,373,589 


♦Comprised of 180 Kg for the TM and 155 Kg for the Si90B. 

**From straightline weight model No. 1 with W^ = w^_^ = M, 500 Kg and u = 1. 0 
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7.4.8 COST ANALYSIS OF THREE COMBINED MISSIONS 

The fU^t reimirements of the three missions (Timber Volume Inventory, Urban/Regional Planning, 
Mineral E^Ioration Survey), when combined, involve five coverages of major areas of the U. S. as shown 
in Table 7-10. 


TABLE 7-10. COVERAGE REQUIREMENTS FOR THE THREE JOINT MISSIONS 


MISSION 

SPRING 
year #1 

SUMMER 
YEAR #1 

FALL 
YEAR #1 

WINTER 
YEAR #1 

SUMMER 
YEAR #1 

TIMBER VOLUME INVENTORY 


3xl06Km2 


3xlO®Km2 


URBAN/REGIONAL PLANNING 


160 U.S. 
eiTIES 


160 U. S. 
Girms 


mineral EXPLORATION SURVEY 

4xl0®Km^ 

4xl0®Km^ 

4xl0®Kin2 

4xlO®Km2 


TOTAL 

4xl06Km2 

GxlofiKm^ 

4xl06Km^ 

6xlO®Km2 

160 U.S. 
CITIES 


The aircraft operations costs for each of the first four coverages (the fifth is identical to that previously 
calculated) may be found from _ 


LEN 

- a (-^) + (a - 1) t + m \-^ 


DC " ' V 
where: 


,Lpl> UNC, ^ . 

0 + 1 


^ I 


Tj 3 c - data collection flight dme 

a = an algorithm -derived parameter indicating the number of individual flight lines; 
a=93 for area = 6xlO<5Km2, 
a=62 for 4xlO®Km^ 

LEN = target length (6000 Km, approximate width of U.S. ) 

V = aircraft speed, SOOKmAr 
t = 180' turn time, l/l2 hr 

Tdc = (^) + ^ = 705. 3 hr for area = 6 x 10^ Km^ 

~ if li ~ ^70. 2 hr for area = 4 x 10® Km^ 


As in the previous example, the total flight time is thus 


= 598 „ 4 hr for area = 4 x 10® Km^ 
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Making the simplifying assumption that the coverages of the U.S. cities are performed with only half the 
fli^t hours previously calculated when combined with the forest and/or minerals coverages, the total 
flight time required for all five coverages is obtained from; 

Spring, year #1 - 598. 4 hr 

Summer, year #1 - 897. 7 hr + 40. 6 hr for S. cities 
Fall, year#! - 598. 7 hr 

Winter, year #! - 897. 7 hr + 40. 6 hr for U.S. cities 
Summer, year #2 - 81.2 hr. 

Total Flight Time: 3154. 6 hr. 


The number of aircraft and, thus, wholly-owned sensor packages is obtained, as before, from 

% 

Na = duRx{ 5 5) ~ ^ aircraft for a peak quarter of 938. 2 flight hours 


Table 7-1! contains the aircraft costs for performing the three joint missions. 


TABLE 7-11. AIRGRAFT COSTS FOR THREE JOINT MISSIONS 


3154. 6 FLIGHT HOUR @ $1600 = $ 

5, 047, 

360 

2 SENSOR PA GKA GES @ $3 . 5M 

7, 000, 

o 

o 

o 

OR 



3154. 6 FLIGHT HOURS OF 



SENSOR PACKAGES @ $700Ar 

2,208, 

220 

TOTAL COST, WHOLLY-OWNED SENSORS 

$12, 

047, 360 

TOTAL COST, AMORTIZING SENSORS 

7, 

255,580 


The Shuttle costs by the Straight-line Model approach are contained in Table 7-12. The Shuttle costs by 
the Multi-Element Cost Model are contained in Table 7-13. A summary of the total costs for all mission 
for both platforms is contained in Table 7-14. 
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TABLE 7-12. SHUTTLE COSTS FOR THREE JOINT MBSIONS, 
STRAIGHT LINE WEIGHT MODEL 


SPRING, YEAR #1 

217 Kg + 130 Kg OVERHEAD @ $722/Kg = $ 250, 634 

SUMMER, YEAR #1 

372 Kg + 222 Kg OVERHEAD 

= 428,868 

FALL, YEAR #1 

217 Kg + 130 K OVERHEAD 

= 250, 534 

WINTER, YEAR #1 

372 Kg + 222 Kg OVERHEAD 

= 428,868 

SUMMER, YEAR #2 

335 Kg + 200 Kg OVERHEAD 

= 386,270 

TOTAL OPERATIONS COSTS 

$1,745,074 

ONE SENSOR PACKAGE @ $6M 
OR 

5 FLIGHTS OF SENSOR PACKAGE @ S120,000/FLIGHT 

$6,000,000 

OR 

$600,000 

TOTAL COST, WHOLLY-OWNED SENSORS 
TOTAL COST, AMORTIZING SENSORS 

$7,745,074 

$2,345,074 

table 7-13. 

SHUTTLE COSTS FOR THREE JOINT MISSIONS, 


multi-element GOST MODEL 




UP VOLUME @ $13,7S7/m3 
UPWEIGHT® S108. 81/Kg 
ENERGV 0 Slim/KWh 
CHEWTIME 0 SCl-IO/lii- 
downweight @ SlSl.'W/Ki 


OPEKATtGNS COS'i'S 


spking 

YEAR 

SUMMER 

YEAR 

1.12m®-S15,IOs 

J.2(im‘>-S17,333 

217Kg-S23,fill 


io,8KWh-.siJ^,r)Sfi 

, i(LS-s28,giy 



217Kg-SIO,023 [ 

372-Sli8,(n2 



FALL 
YFj\n #1 


in.S-$18,S3G 

au-SlS3,380 

217-S'!0,OZ3 


WINTER 
YEAR #2 

SUMMER 
YEAR HI 

l,2Gin3-S17,333 

1.2om^-$17,333 

a72Kg-S40» 177 

355Kg-S:iB,‘151 

16.3-$28,013 

lfi.a-S2.S,9l3 

30-S193, 380 

30-S103,3SO 

372-S6S,tl2 

333-801,787 


S3:i7, S(M 


TO IAL OPEnA'lTONS COSTS $1,017,310 

ONE SENSOit PACKAGE Cl SOM 6,000, 000 
OK 

S F LIGHTS OF SliNSOIi 600, 000 

PAC'ICAGE 0 $120,000 


TOTAL cose, WMOLIA--OWNED SENSOIIS $7,617,310 

TOTAI COST, AMOimHiNC: SENSOHS $2,217,310 























TABLE 7-14. SUMMARY OF AIRGHAFT AND SHUTTLE COSTS FOR THE 
SINGLE AND JOINT MISSIONS 


TOTAL COSTS 

URBAN/REGIONAL 
PLANNING MISSION 

THREE JOINT 
MISSIONS 

airgraft costs 



- WHOLLY-OWNED SENSORS 

$3,889,760 

$ 12, 0i7, 360 

- AMORTIZED SENSORS 

$ 560,280 

7,255j580 

SHUTTLE COSTS 



- WHOLLY-OWNED SENSORS 

$7,158,810* 

7,013,589*+ 

$ 7,745,074* 
7,617, 310** 

- AMORTIZED SENSORS 

$1,518,810* 

1,373,589** 

$ 2,345,074* 
2,217,310** 


+Strai^tline wt. model 
*+Multielemeiit model 


7.5 CONCLUSIONS; SHUTTLE COST EFFECTIVENESS 

The use of a scanner and camera package on the Shuttle for the acquisition of medium resolution data 
is a cost-effective approach to gathering such data if the coverage rates are sufficiently high to 
offset the cost per fli^t of approsimateiy one-half million dollars* For the comparison aircraft used 
in this analysis, the point at which the Shuttle becomes cost-effective lies between one and two million 
square kilometers per coverage, as sho^ In Fi^re 7-2. (B should be noted that the comparison aircraft 
used is itself a very, efficient data acquisition platform when compared to lower-^performance aircraft 
in widespread commercial use today and that the crossover point for Shuttle cost-effectiveness would 
occur substantially sooner if it were compared to the latter aircraft). 


llie data acquisition cost savings which the use of the Shuttle would provide for the set of three typical 
Operational resource management investigated is approximately $5 million for a series of five coverages 
of substantial portions of the U*S* over a period of 15 months. The savings would increase further if 
additional demand were generated for additional area to be covered during the flints, that is, if more than 
three resource management missions were served simultaneously. A data processing cost comparison 
was not performed; however the Shuttle would afford additional savings in this area because Of the greater 
orthographicity of its images and the smaller number of mosaics which would need to be prepared. 


7-15 



DATA 

ACQUISITION 
COST, SM 


(INCLUDES SENSOR 
AMORTIZATION) 



CONTINUOUS COVERAGE, KM^ x 10^ 90 DAYS BY AIRCRAFT, 

ONE 7 30 DAY FLIGHT BY SHUTTLE) 


Figure 7-2. Comparison of Shuttle &»rtle and Aircraft Data Acquisition Costs 
for Varying Coverages 

Significant questions regarding cost-effectiveness of the Shuttle remain to be answered: transportation 
charging schedules are yet in a state of flux. Shuttle's ability to maneuver to avoid critical cloud obscura- 
tions, and yet serve its other payloads operationally, is a problematical question, and the details of 
converting the flight prototype Thematic Mapper for use on Shuttle have not yet been analyzed by ourselves 
or the sensor contractors in detail. But the conclusion is inescapable that, in its element and td th strict 
attention to controlling costs, the Shuttle can cost-effectively fill the gap between the polar satellites and 
the aircraft In the I980's. . 
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SECTION 8 

SHUTTM EABTH resources PROGRAM DEVELOPMENT REQUIREMENTS 

Asa result of this study several Items were identified as requiring further development in order that the 
Shuttle Earth Resources pro^am may proceed in an orderly manner. These development items can be 
considered in three categories; 

• Programmatic development requirements 

• Mission Development requirements 

• Shuttle Systems integration development requirements 

8, 1 PROGRAMMATIC DEVELOPMENT 

The major programmatic development requirement is the need for users and potential users to be exposed 
to the capabilities of the Shuttle-borne sensors and to data acquired from equivalent systems. 

This action is necessary to verify the utility potential of Shuttle missionsi to catalyze demand for the data, 
nnd to provide users with a level of background experience so that they are ready to make full use of 
Shuttle-acquired data when it becomes available, A further potential benefit is increased User involvement 
in mission design, with the concomitant increase in confidence in, and commitment to, the Shuttle Earth 
Resources Program. 

8.2 MISSION DEVELQPMENT REQUIREMENTS 

As a result of the detailed definition of the five selected missions in this study, several areas needing ad- 
ditional development have been identified. 

8. 2. 1 SOIL MOISTURE TECHNIQUE DEVELOPMENT 

The extension of present day soil moisture nieasurement investigations into the Shuttle Era as a Technique 
Development Mission requires iUe accomplishment of several years of technological advances. It is ap- 
parent that to transition efficiently into the Shuttle Era, a well coordinated development plan with reasonable 
objectives is required. This plan must lay the groundwork upon which the first Shuttle flights for soil 
moisture techniques will be built. It includes continued aircraft flights, closer coordination and feedback 
between users and conducting agencies, and even new sensors and combination of sensors as first stage 
investigations. The development program is shown schematically in Figure 8-1, 
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- DATA EVAL \ 

- SHUTTLE DESIGNS 


Figure 8-1. Soil Moisture Development Program 


The most important "next step" in the development process is the continuation of aircraft flights using 
microwave and visible wavelength sensors , similar to those proposed for the shuttle, in order to gain 


further insist into the detailed neals of the mission in both sensor requirements and data analysis. 


8. 2. 2 SAB DEVELOPMENT MISSION 

The primary problems in the development of the SAB Sensor Development mission are related to the de- 
tailed desigi of the sensor and to its integration into the Shuttle vehicle. Figure 8-2 shows the sensor 
development plan; 


In particular, the investigation of integration of the SAB into its carrier vehicle and the development flight 
program alternatives should receive attention in parallel with the current sensor design efforts. Both 
inte^ation into shuttle and the development fli^t approach ultimately selected (all-up first fli^t- vs. 
evolutionary) will impact the sensor design, program funding levels, and ultimate program completion 
date. 


■^0 
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Figure 8-2. SAH Development Plan 


8. 2. 3 APPLICATION development MISSIONS 

Figure 8-3 shows diagrammatically the developmental activities required for the three missions, and 
Table 8-1 describes the detailed development requirements for each of the missions, together with the 
key "next step”. 

8. 3 SHUTTLE SYSTEMS INTEGRATION REQUIREMEKrs 

Several developmental problems have been identified in the area of overall Shuttle system design and 
integration: 

• Further design definition is required for a multispectral scanner /camera package 
based on the Thematic Mapper and S190A/B cameras 

• Integration of SAR into the Shuttle will present significant problems in EMI (especially 
with passive microwave systems) cargo Lay blockage, deployment operations and thermal 
considerations. 

• SIMS and SAH integration must be undertaken in parallel with the development of these 
sensors so that a compatible, two sensors complementary package may be developed. 
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Figure S-3. Application Development Mission Plans 


• Detailed definition and development of a Shuttle Earth Resources Data processing 
facility is required, with special emphasis on the coordination and correlation of 
photographic and electronic image data processing methods, and the complementary 
application of the two data types. 


TABLE 8-1. APPLICATION DEVELOPMENT PLANS 
TIM'BEE INVENTORY 

• Develop sampling and stage selection strategies and statistics 

• Evaluate number of sampling stages 

• Involve user (D. S. Forest Service) and prepare to prooess/use data 

• Run A/C & Landsat baaed experimental measurement program 

• Use U2/RB57 to gather data at equivalent resolutiona to Shuttle sensors. 
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TABLE 8-1. APPLICATION DEVELOPMENT PLANS (Continued) 


TIMBER INVENTORY (Cont’d) 

• Investigate optimal resolution requirements for each sampling stage, 

NEXT STEP: - Get U. S, Forest Service involved in Shuttle and Mission Design 

MINERAL EXPLORATION 

• Continue to prepare user communify to use data operationally 

e Introduce users to Shuttle scanner and film imagery characteristics 

• Set up user training facility /program using simulated Shuttle data 

• Establish data dissemination procedures 

• Define procedures for foreign user involvement 

• Develop improved methods/hardware for combining digital & photo interpretive 
analysis techniques 

NEXT STEP: - Develop User training program 

URBAN fc REGIONAL PLANNING 

0 Identify data processing/dissemination agency 

« Identity planning parameters of importance and rank importance, difficulty to 
accomplish 

a Involve planners of selected cities in mission design 

• Establish coverage cycles etc. 

e Use A/C Ss LANDSAT data to establish classification themes 
o Develop user knowledge of/confidence in techniques 

e Develop standard products & archival/data base method(s) suitable for user 
oommunily, 

NEXT STEP: - Involve city planners in Shuttle mission design. 
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THE MULTISTAGE PROBABILISTIG SAMPLING PROCESS 
The inventory system oorrently used by the U.S, Forest Service, called the Continuous Forest Inventory - 

/.I,' 

CFI, Involves a tw-st^e sampling scheme with partial replacement. .In the £irst stage a large number of 
points or plots are distributed on aerial photographs. Each point is photolnterpreted and assigned to a 
photo -volume stratum based on the estimated volume Of timber on the acre surrounding the point, A sub- 
sample of these points from each volume stratum are selected for ground examination. The subsample 
points are selected with probability proportional to the estimated volume of each stratum. The second 
phase consists of ground measurements of all the selected ground plots using conventional timber cruising 
techniques. Wormatlon froni toth phases (photo and ground) is then combined to yield total current volume 
anil other statistics. 

The aerial photographs used by the U, S, Forest Service are at a scale from ljl2, 000 to 1:20, 000, The 
entire inventory system is very time consuming and costly. 

Several experiments demonstrated tiiat use of Landsat data increased the accuracy and timeliness of timber 
Inventory. One such experiment was performed by J. Nichols of the University of California, The objec- 
tive of the experiment was to estimate the staiu|lng^volume of merchantable timber within the Quincy Ranger 
District (21S, 000 acres) of the Plumas National Forest. A three-stage sampling design was used whereby 
the first-stage Involved automatic olasslfioatlon of Landsat 1 data tapes and selection of primary sampling 
units. The second-stage involved acquisition of large scale aerial photos over selected primary sampling 
units and selection of photo plots based on manual interpretation. The third-stage required visiting the 
selected photo plots on the ground and selection of trees to be measured for timber volume. 

Nichols and other investigators, after their limited studies, concluded tiiat multistage inventory using 
satellite imagery for the first stage proved to be a timely, cost-effective alternative to conventional timber 
Inventory techniques. They also concluded that to arrive at an operational stage for such an inventory 
system, additional research is necessary. 

Sampling may be defined as obtaining information from a portion of a larger groiq>, or "universe", about 
the entire gro\m« 

Multistage sampling consists of selecting primary sampling units at the first stage and drawing a series of 
subsamples.from these for sampling in sifosequent stages. The procedure is shown dlagrammatlcally in 
Figure A-1, 
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To eBtimate volume in plot j of FSU 1 

where V|j| - volume of sample tree I 
K •* number of sample trees 

- sampling probability of sample Iraa I (of plot S of MU 4 


To estimate volume In PSU 1 


Vl 


J ^Qll 


+ . 



Where J - number of sample plots 

- sampling probability of sample plot I (of P8U i> 


To estimate total forest volume 



Where I - number of sample PSUs 

Ri - sampling probability of sam|da P8U i 


To oboose best probability at each stage (P, Qe R) aompute 

This equals zero if An estimala V|j)( of V|^ la uaad to aattnata a >■ ^|k» B la daalfat lo 

have Viji^ "close" to tL same prosedora BppUaa to Qjj and R^. 
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To arrive at a least expensive samplli^ scheme the estimation method has to be optimized. Given here is 
an example of a cost model. Assumptions are the same as in the previous paragraphs. 


Cost Model 

S = ^ ^ <Slot> " %ree> 

Where C.J, - total inventory cost 

Gj - initial cost - overhead 
G_,_„ ~ cost of a single PSU 

PoU 

*^Plot ^ ^ single plot 

G„ - cost of ground measurement of a single tree 
Tree 

Minimize: 

Var (V) =f a, J, K ) 

Result of this is a function of the number of samples at each stage (I, J,K), and of many other factors. Some 
such factors are: variability of timber volume throughout the forest, accuracy of imagery and measime- 
ments at each stage, size of PSU's and plots, number of stages, and others. 


Minimizing is done subject to fixed cost C.^. Such a general formula can be obtained ly extending standard 
theory. 


Example: 

For equal sampling probabilities at each stage and same number of trees per plot 


Var (V) = (I , J ,K ) 
' ' o o o 


I, PSU Totals 

(1-^ — r— 


('“Vo) 


plots totals 
IJ 


g? 

/ IJK \ Trees I 

I ^ " I j K 1 DK f 

\ 000/ J 


Where I^, J^, are population numbers at each stage, and I, J, E are sample numbers. 


,2 

’psu 

,2 

'plots 


Trees 


Variance among the PSU total timber volumes (each PSU has a total volume) 


- The average variance between plots (i. e, , calculate a variance among the plots within 
each PSU and average those variances over the PSU'S) 

- The average variance between trees in a plot - averaged over all plots and PSU's. 
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Var (V) is mlniinized by 


K*= 


* 

J = 


trees 


'^=ptote-®LeA' 
jots - 4pes^o’ 

®PSU ^®plots^o^ 


[ Coat per plot j 
Costs per Tree I 

1/2 r -1 1/2 

I cost per PSP I 
1/2 jcost per Plot I 


1/2 


I = (Cj - Cj) [PSU Cost + Plot Cost X J* + Tree Cost x J* K*1 
subject to fixed cost (model above) and choices 6f PSU and plot sizes. This shows how the best I*, J*, K* 

2 A 2 2 

depend on costs in each stage and on forest statistics %lbt ^PSU’ must be obtained. 

The example does not show how Var (V) depends on the accuracy of Pjj^i Qjj. and R*. The theory can be 
extended to cover the more general problem . 

The accuracy of the Pjjj^t Qy. and Rf depends on volume estimates from methods with different image 
qualities. The effect of different image sources on Var (V) needs to be determined. 

Comparison of Figures A-2 and A -3 demonstrates the necessiyr of accuracy vs the cost of imagery trade- 
offs. To obtain higher accuracy of volume estimation it is necessary to pay higher costs (Figure A-2). 
Lower resolution imagery is less expensive, but gives less accuracy, i.e, , points in Figure A-3 are 
spread farther away from the 45' line. This is a very important factor in determinii^ the optimum 
sampling system and should be considered in more detail. 



Figure A-2. True Volume vs. Volume Estimated from a High Resolution Image 



Figure A-3, True Volume vs, Volmie Estimated from a Low Resolution Image 
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